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PREFACE. 



This little book has been put together with 
the view of supplying a want which I have 
frequently heard expressed by students — the 
want, namely, of a volume which should con- 
tain a concise but connected description of 
the minute structure of the tissues and organs 
of the body, and at the same time should give 
directions for their examination by the micro- 
scope. 

The descriptive part is printed in large type ; 
the practical exercises^ which are placed at 
the end of each chapter,, in smaller characters. 
In the Appendix some methods are described 
which could not have been conveniently in- 
troduced into the body of the work. 

The whole represents the Course of Prac- 
tical Histology which is given each summer 
in Trinity College. 

I have decided to publish the book without 
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drawings, because it is impossible to get ori- 
ginal microscopic drawings made in Dublin, 
and I was unwilling to add to the expense 
and bulk of the volume by reproducing in its 
pages the figures of other authors, more par- 
ticularly as our students have, in Quain's 
* Anatomy,' a histological atlas which could 
scarcely be surpassed. Besides, I was writing 
primarily for students working in a labora- 
tory, who always have access to drawings, 
diagrams, and preparations. I have- found 
that the imagination of students is assisted 
much more by diagrams drawn in coloured 
chalks on a black board than by finished and 
accurate drawings of actual preparations. 
My original intention was to reproduce the 
diagrams which I draw each year to illus- 
trate my Lectures and Demonstrations, but 
the great expense of printing in colours 
obliged me to give up this idea. * 

The book, written as it is for beginners, 
makes no pretension to originality. It will 
be seen on every page how deeply indebted 
I am to the works of Klein, Krause, Ranvier, 
Schwalbe, and other writers. I have entered 
into no discussion on doubtful questions, but 
have, in each case, given that view which 
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seems to me most probable at the present 
time. 

I have to express my sincere gratitude to 
the Provost and Senior Fellows of Trinity 
College for their liberality in undertaking 
the cost of publication. 

J. M. PURSER. 



Physiological Laboratory, 
Trinity College, Dublin, 
January^ 1884. 
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CHAPTER I. 

INTRODUCTION. 

MoDSRN microscopes present an almost infinite va- 
riety in the details of their construction, but every 
instrument possesses the following parts, which are 
essential ; — 

From a solid and steady basis or ibot, on which 
the whole instrument rests, there arises an upright 
piece of metal, to which are attached, in succession 
from below upwards, firstly, a concave mirror, so 
fixed that it can be inclined at any angle, and placed 
in different positions. 

Secondly, a shelf, the stage, perforated in the 
centre by a round opening, whose diameter can be 
made to vary either by inserting into it plugs pierced 
by smaller holes of different sizes, or by rotating 
below it a perforated plate of metal called a dia- 
phragm. 

Thirdly, an arm, which carries a brass collar, in 
which slides the tube of the microscope. 

In many microscopes the upright to which these 
parts are attached is fixed in a vertical position ; 
the stage is then horizontal, and the tube vertical ; 
but in other instruments the upright is capable of 
inclination, when of course the tube and the stage 
will also become inclined, but will always retain 
their relative positions, so that the axis of the tube 
is always perpendicular to the plane of the stage, 
with the centre of the perforation in which it coin- 
cides. 

The tube usually consists of two pieces, which 

B 
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slide on one another as do the tubes of a telescope, 
and by pushing these pieces together, or drawing 
them out, the tube can be shortened or elongated. 

Into the upper end of the tube fits a system of 
two lenses, which together form the eye-piece. 
On the lower end is a screw, by which there can be 
attached to the tube systems of lenses, called object- 
glasses, or objeettves, of which each microscope 
must possess at least two. 

The object-glass and the eye-piece are the essen- 
tial optical parts of a microscope, and they act so 
that the object-glass forms an enlarged and inverted 
image of the object in the eye-piece, by the upper 
lens of which this image is still further magnified, 
as any object is by an ordinary pocket lens. 

The image must always be formed for each eye- 
piece at a certain distance below the latter ; and in 
order that this shall be the case, an arrangement has 
to be provided by which, according to the different 
object-glasses used, and to the varying length of 
the tube, the distance between the object and the 
object-glass can be made to vary. 

The object lies on the stage, and is fixed in its 
position. Hence the tube carrying the object-glass 
must be movable, so as to be approximated to or 
withdrawn from the object. This movement of the 
tube has to be effected with great accuracy, and is 
called focussing the microscope for the object, or 
bringing the object into focus. It is carried out in 
two stages. First, the distance required is approxi- 
mately got by sliding the tube up or down in the 
brass collar which holds it. This is called the 
coarse adjustmeiit, and is carried out by the 
hand. In more expensive microscopes it is effected 
by a rack and pinion. By these means the neces- 
sary accuracy of adjustment could never be attained. 
This fine adjustment is arrived at by means of a 
screw, which is placed at the top of the upright, 
which carries the mirror, stage, and tube. This 
screw is provided with a milled head, which moves 
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in a horizontal plane, and, when turned, causes the 
tube to move to or from the stage, but very slowly, 
so that the motion can be stopped as soon as the 
right distance is attained, and the object is seen 
clearly. 

When the screw of the fine adjustment is turned 
from left to right, as if it were being screwed into the 
brass of the microscope, the tube is moved down- 
wards; when in the opposite direction, the tube is 
raised. The range of motion which can be given to 
the tube by the fine adjustment is not very great, 
and the screw should always be kept about the 
middle of the range. If it be screwed down as far 
as it will go, it should be unscrewed half way, and, 
if necessary, the tube lowered by the coarse adjust- 
ment. If it be at its upper limit, the tube should be 
raised by the coarse adjustment, and the screw then 
brought to the middle of its range. The screw 
should always be worked with a light hand, and no 
attempt should be made to force it beyond its due 
limits of movement, lest the thread be injured. 

The object-glasses give images of different sizes, 
and are commonly spoken of as talgh and loi¥ 
jl^^vers. Each consists of several pieces screwed 
together, and great care should be taken, when re- 
moving an object-glass from the tube, that the whole 
of it is taken off, and that it is not screwed asunder, 
leaving part of it attached to the tube. The parts of 
an object-glass should never be separated from one 
another. 

English object-glasses are called by inches, or frac- 
tions of an inch : thus we speak of an inch, a quar- 
ter, an eighth, &c. These are the focal leii|[fth8, 
but the actual distance between the lower end of the 
object-glass and the object, when the latter is in 
focus, is always much less than the focal length. 
This distance is what is called the i¥orklng dis- 
tance, and with the higher powers is very short 
indeed. 

Foreign makers designate their objectives by num- 

B 2 
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bers or letters, which are arbitraiy, each maker having 
his own series of glasses. 

A student's microscope should have a half-inch 
and a fifth or sixth, and a two-inch will be found 
very useful for many purposes. No beginner should 
attempt to use very high powers. The difficulties of 
microscopy increase enormously the higher the 
powers which are used. 

In using the lower powers there can be no risk of 
going wrong, but when the higher powers are em- 
ployed the greatest care is necessary, in consequence 
of the very short interval between the object and the 
object-glass. The latter may get smeared with fluid 
from the object, or, if the object-glass be brought 
down too far, the object will be crushed or broken. 
Before placing the object on the slide, or removing 
it, the tube of the microscope should always be 
raised. This will at first cause a little trouble, as the 
process of focussing will have to be gone through 
again ; but it will save time in the long run, by en- 
suring both the objects and the object-glass from 
injury. If fluid get on the object-glass, this should 
be wiped carefully with a soft cloth or piece of 
chamois leather. But this is a process which should 
be required only very rarely. The greatest possible 
care should be taken to preserve the object-glasses 
from falls or other mechanical violence. 

Most microscopes have two or more eye-pieces, 
some of which magnify the image formed by the 
objective more highly than others. In this way, 
with the same objective* different degrees of ampli- 
fication can be got. In general, it is not well to 
increase the power of the microscope by the eye- 
piece, for any defects in the image are in this way 
magnified, and unless the objective be very good, 
what is gained in amplification is lost in distinctness. 

With the same objective and eye-piece, the longer 
the tube of the microscope is made the greater is 
the amplification of the image, and the higher the 
magnifying power. 
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An excellent student's microscope can be had for 
from about four to six guineas. 

Objects are examined with the microscope in 
two ways — either by transmitted or by reflected 

liglit. For the drst method the object must be 
transparent. It lies on the stage over the perfora- 
tion ; the light of a lamp or of the sun is caught on 
the mirror, and made to traverse the object, and 
thus pass through the object-glass and the eye- 
piece, and so reach the eye of the observer, This 
method is employed almost without exception in 
histological work. 

By the other method the hole in the stage is 
closed ; the light is concentrated on the object from 
above by means of a large lens, called a con- 
denser, and the light reflected from the object 
passes through the tube of the microscope to the 
eye. By this method the object is viewed as we 
view ordinary objects about us, while in viewing an 
object by transmitted light, we examine it as we do 
the images on a stained glass window. The best 
light for ordinary microscopic work is that reflected 
from a white cloud. 

Objects to be examined are placed on a piece of 
glass called a slide. This is usually three inches 
long by one broad. Slides should be kept scrupu- 
lously clean. 

The object is almost always immersed in some 
fluid, and is covered by a small square or circular 
piece of very thin glass, which is called a eover- 
Slass. Great care must be taken in cleaning cover- 
glasses, as they are expensive and very easily broken. 
New cover-glasses are sometimes difficult to clean. 
If this is the case, they should be placed in oil of 
vitriol for some time, and then washed in water and 
dried with a soft cloth. Cover- glasses, after being 
cleaned, should never be touched, except on the 
edges. The contact of even the cleanest finger with 
the surface of the glass is sure to leave a stain on it. 
Before commencing to make a preparation, slides, 
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cover-glasses, and everything else requisite, should 
be clean and ready at hand. 

The following apparatus will be required : — 
Slides, cover-glasses, watch-glasses, a glass plate 
three inches square, two needles set in handles, a 
earner s-hair brush, a piece of glass rod, a pair of 
fine forceps, a pair of scissors, a small scalpel, a 
razor, a section-lifter, some pieces of filter-paper, 
reagents. 

For preliminary exerelse in the nse of the microscope 
some simple objects should be mounted and examined. 

I. Screw on the low power objective. Bring down the tube 
of the microscope until the lower end of the object-glass 
is about an inch from the stage. Arrange the diaphragm so 
that there may be a large hole in the stage. Look into the 
microscope while the mirror is moved slighUy from side to side 
until the field of the microscope appears as an evenly-lighted 
circle. The mirror most be kept, wnatever its inclination may 
be, in such a position that the centre is vertically below the 
centre of the aperture in the stage, and in the line of the axis of 
the tube of the microscope. If it be swung from this position 
the light will not pass straight through the object to the eye, 
but wOl fall obliquely across the object, which will then be seen 
in great part by light diffdsed from its surface. Such an ar- 
rangement of the mirror is said to give * oblique llluml- 
nation,' which is very useful for certain kinds of objects* but 
is rarely required in histological work, in which the illumination 
should alwajrs be * central.' 

Some black spots will possibly be seen in the dearly-illumi- 
nated field. These are probably specks of dust on one of the 
glasses of the eye-piece. If so, they will turn as the eye-piece 
is rotated in the tube. They will be probably found on the 
lower surface of the eye-piece, from which they can be easily 
wiped off. Spots of dust on the eye-piece appear as spots ; 
but if they are on the object-g^ass, they show tnemselves by a 
general cloudiness and want of distinctness in the object under 
examination. 

Having arranged the microscope, get ready a slide and cover- 
glass, and have at hand a saucer with some clean water. 

Scrape the cut smface of a raw potato gently with a knife, 
and place in the centre of the slide a small drop of the turbid 
fluid thus obtained. Place near to it with a glass rod a drop of 
water of about the same size, and mix the two drops together 
with the rod or with the point of a needle. Then take the 
cover-glass, holding it by the edges, and bring it down until it 
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Just touches the convexity of the drop of fluid, and then let it 
fall by its own weight on the slide. In this way it will spread 
out tne fluid in a thin layer, and not include any air-bubbles. 
Or one edge of the coyer-glass may be allowed to rest on the 
slide beside the drop of fluid, while the opposite edge is sup- 
ported by a needle. The needle is gradually approached to the 
slide and finally withdrawn. In this way the cover-glass rotates 
on its first-mentioned edge as on a hinge. 

If now it is found that the quantity of fluid between the two 
glasses is so great that the cover-glass floats and readily moves 
about on the slide, a small piece of filter-paper is applied at one 
edge of the cover-glass, and allowed to absorb the fluid until 
the cover-glass adh««s slightly to the slide. On the other hand, 
if the drop be not large enough to fill the space between the 
glasses, and if part of this be occupied by air, a small drop of 
water maybe applied at the edge of the cover-glass, and allowed 
to run in oy capillarity until the space is full, when the excess 
may be removed with filter-paper. In all cases the amount of 
fluid ^ould be sufficient to completely fill the space between 
the sUde and cover-glass, so as to leave no room for air ; but the 
layer of fluid should be of extreme thinness, so that the objects 
contained in it may not lie one over the other, and obscure the 
view. 

Place the slide on the stage of the microscope, the object 
lying over the aperture in the stage, and, while looking into the 
instrument, bring the tube down by a veiy gradual screwing 
movement, and so make the coarse adjustment. When a 
certain point is reached the object will be seen, but still misty 
and bamy defined. Then it is best to abandon the movement 
by the hand, and to complete the focussing, or to make the fine 
adjustment by the micrometer screw. This is very gently turned 
until the objects in the field take shape and appear with well- 
defined outhnes. When at this p(»nt, the screw is moved in one 
and the other direction, to make sure that the exactly right focus 
has been attained. 

In the present case numerous little particles will be seen, 
differing a good deal in size, having a more or less oval shape, 
and appearing with a bright centre and a dark margin. These 
are aterch i^ranules, of which the bulk of the potato is 
formed. 

There will possibly be seen other bodies of a round, or alto- 
gether irregukr shape, and which may be of any size, but are 
generally much larger than the starch grains. They have a 
broad black margin. These are air babbles. The cleaner 
and freer from grease the slides and cover-glasses are kept, the 
fewer will be the air bubbles. 

3. Leave the object on the stage ; withdraw the tube, and 
replace the half-inch by the high power, one -fifth or one -sixth. 
Focus as b^ore, first moving down the tube with the hand 
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until something is visible, and then completing the adjustment 
with the screw. Great care must be used in focussing with the 
high power, as the working distance is very short. 

The starch grains will now be seen as much larger objects^ 
and on each of the larger grains there will be noticed a spot 
with a series of fine lines arranged concentrically about it. This 
shows that the starch grain is not homogeneous, but has a well* 
defined laminated structure. 

Select a starch grain of small size, and move the fine adjust- 
ment until the black line bounding the object is as narrow as 
possible. Then alter the focus so as slightly to raise the tube, 
and thus throw the object somewhat out of focus by making the 
distance too great. The centre of the granule will become 
brighter than before, and the margin broader and darker. This 
is due to the fact that the granule has a convex surface, and is 
of a higher refractive power than the water in which it is im* 
mersed. It consequently acts as a convex lens, and brings the 
light to a focus above it. When we focus for the object itself, 
we see the base of the cone of light; but when we focus 
for a higher point we see a section of a narrow part of it. 
All the fight passing through the object is brought into the 
centre ; hence this is bright, and the margin, horn which the 
light is bent aside, is dark. This behaviour as regards the light is 
common to all objects whose refractive power is higher dian the 
medium in whidi they are placed, and whose surfaces are convex* 

Try to find an air bubble — ^if possible a small one. What- 
ever the position of the tube, the margin will be much darker 
and broader than that of the starch grain. Alter slightly the 
focus, first in one, then in the other direction. On raising 
the tube, the whole bubble will become indistinct; but on 
lowering the tube, so as to make the distance between the 
object-glass and the object too small, the centre of the bubble 
will become brighter, and the margin broader and darker. This 
depends on the circumstance that air has a lower refi'active 
power than water. The black margin is due to the total reflec- 
tion of those rays of light which stnke the lower convex surface 
of the bubble very oblicraely, while those rays which strike the 
bubble less oblic^uely and pass through, are not made to converge 
above, but to diverge. Consec^uently, by focussing down, we 
get a smaller but a brighter cu-cle of light, that is, the point 
before the divergence of the rays has taken place ; while above 
the light is less intense, because the rays have diverged, and 
the same quantity of light is spread over a larger smface. 

All bodies with convex surfaces, and which are of a lower 
refi-active power than the medium in which they are placed, will 
behave as the air bubble. Bodies having concave surfaces, 
although they may be of higher refractive power than the fluid 
in which they are placed, ^inll cause the hght to diverge, and 
will hence behave, on sdtering the focus, like an air bubble* 
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These facts are of great importance, and should be continually 
borne in mind. 

The dark margin of an air bubble is frequently divided into 
two or more concentric bands by fine bright circles, which are 
due to diffraction of the light by the edge of the bubble. 

3. To the same object whicn served for the two preceding 
observations a reagent may be now applied. The method by 
which reagents are applied to objects under the microscope, or 
by which one fluid is replaced by another, without distiu'bing 
the object-glass, is what is caUed the * method ^f irriga- 
tion,* 

A small drop of a veiy weak solution of iodine is placed on 
the slide, so as to touch one edge of the cover-glass, out on no 
account to flow over its surface. The iodine wiU immediately 
begin to run in between the glasses, and on looking into the 
microscope the granules will be seen all moving across the 
field, apparently towards the side on which the drop was placed. 
Their motion, however, is really in the opposite direction, since 
everything appears inverted when seen m the microscope. If 
the granules are watched attentively, many of them will be seen 
to roll over and over in the current, ana they will be seen in 
this way from opposite sides, and their shape may be deter- 
mined. They wiU appear of pretty much the same shape in all 
positions, and we hence conclude that they are oval like an egg, 
and not like an oval cut out of a piece of paper, which would 
present a very different appearance according as it was seen 
from the edge or from the smface. It is by mmdng microscopic 
objects roll that their shape is judged of. This method is of 
general application. 

When tne iodine comes into contact with the starch grain, 
this will instantly assume a blue or black colour, accordmg to 
the strength of the reagent. 

If the iodine were allowed to run under the cover-glass, and 
nothing else done, we should soon have too much fluid between 
the glasses, and the water would be merely mixed with, not 
repl^^ by, the iodine ; a piece of filter-paper therefore is placed 
on the slide touchin|; the opposite edge of the cover-gUss to 
that at which the iodme ran m, and thus the water is sucked out 
at one side, while the new fluid runs in at the other. In this 
way a rapid current is caused between the glasses. Many of 
the granules will be swept away in this current, but sufficient 
will remain to show the reaction. When this is complete the 
current can be stopped by tsJdng away the filter-paper. A pre- 
paration can be 'urigated * for any length of time by this me- 
thod, remaining under observation during the process. It is 
only necessary to renew the drop of the reagent at one side 
according as it is exhausted, and replace by fr^esh pieces the 
filter-paper at the other as each piece oecomes soaked. 

4. Pull up the tube ; remove the sUde, and clean it and the 
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cover-glass. Place on the slide a small drop of milk ; cover, 
and remove any excess of fluid, as already directed. Exa- 
mine with the high power. A large nwnber of minute round 
bodies cover the field ; they differ in size, but are all smaller 
than the starch grains. As thev roll over they appear always 
round; hence they are sphericaL On altering the focus they 
behave like starch granules; when the tube is slightly raisea 
the centre becomes brighter, the margin broader and darker ; 
hence they are more highly refractive than the fluid in which 
they float. These bodies are fot i^l^bnles. It is to the light 
reflected from these that the milk owes its white colour and 
opacity. The dear colourless fluid in which they float is in- 
visible in the microscope. 

5. Clean the slide, and place on it a few threads of e«ttoB 
wool. Put, with a glass rod, a drop of water on the cover- 
glass. Invert this, and bring it down on the threads. If there 
is excess of water, remove it with filter-paper. Examine with 
the high power. Each thread appears as a colourless band, 
which is ever^ here and there twisted on its axis. Where the 
twist occurs it can be seen that the thread is flattened, since 
it presents a narrow edge as it turns over. 

Irrigate with a strong solution of iodine, and then with water, 
so as to wash away me excess of the reagent. The threads 
assume a dark mahogany-brown colour. If they are then irri- 
gated with strong sulphuric acid, each thread swells very much, 
and becomes of a beautiful blue colour. This is the reaction <^ 
cellulose, of which substance cotton threads are composed. 

6. The appearance which an object presents dq)ends very 
largely on the medium in which it is examined. If the refrac- 
tive power of the medium be the same as that of the object, the 
latter will be altogether invisible, unless its colour differ from 
that of the medium ; and the nearer the refractive power of the 
medium is to that of the object the more transparent and faint 
will the latter appear. On the other hand, if the difference in 
the refrractive power of the medium and that of the object be 
very great, so much light will be reflected from the surfaces of 
contact of the medium with the object that the latter will appear 
too dark and opaque for examination by transmitted light. 

It is necessary, therefore, always to take accoimt of the refrac- 
tive power of an object to be examined in choosing the medium 
in wnich the examination is to be made. 

Most of the animal tissues have a veiy high refractive power, 
and to this they mainl]^ owe their great opacity. Hence, ia 
order to make them sufficiently transparent for microscopic exa- 
mination, it is necessary to immerse tnem in fluids whose refrac^ 
tive power is high also, such as glycerine and Canada balsam, 
the media in wmch the greater number of histological objects 
are examined. It will be found that objects when in Canada 
balsam are much more transparent than when in glycerine. It 
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is therefore necessary to stain objects which are to be mounted 
in balsam, in order to bring out the finer details of their struc- 
ture, which would otherwise be lost by excess of transparency. 

Get ready four slides and four cover-glasses. Place on each 
slide a very small quantity of finely-powdered starch, such as 
is used in tne laundry, i. Put the cover-glass on one prepara- 
tion, without adding any fluid. 2. Put up the second in water ; 
place a drop of water on the surface of tne cover-glass ; invert 
this so that the drop may be undermost ; then gently apply the 
cover-glass to the object. 3. Put up the third in glycerine; 
and, 4. the fourth in oil of cloves, applying these flmds in the 
same way as was directed for the water in 2. Examine the 
four preparations in succession with the high power. The 
starch grains here differ from those of the potato. Tliey are 
smaller, and are of a polygonal shape, presenting well-defined 
angles and facets. In i they appear as black spots, with bright 
tentres, but in consequence of tne opacity of tneir edges, their 
shape is unrecognizable. 2 and 3 snow the shape of the gra- 
nules very well ; but in 3 they are evidently more transparent 
than in 2. In ^ the grains are so transparent that there is some 
difficulty in seemg them at all, and their outlines are so indis- 
tinct that their shape cannot be made out. This series of pre- 
parations illustrates the effect on the appearance of an object of 
a progressive increase in the refractive power of the medium in 
which it is examined. Air has the lowest, and oil of cloves the 
highest, refractive power. 
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CHAPTER II. 

THE CELL. 

Comparatively few tissues occur in the body. The 
numerous organs are formed of different arrange- 
ments and combinations of these tissues. In every 
tissue, elements are to be met with which are called 
€^lls, and whose importance, both anatomically and 
physiologically, is primary. The entire body arises 
from a single cell, the ovum, and up to a certain 
stage in development the entire body consists of a 
mass of cells which have arisen by repeated division 
of the ovum. At a later period, while some parts 
retain their purely cellular structure, in others there 
are formed between the cells, and doubtless through 
their agency, substances which differ in quantity and 
quality in different parts, and which by their differ- 
ences determine the characters of the different tis- 
sues. These substances, as they lie between the 
cells, are called inter-cellular substances. In 
the earlier periods of life the cells are generally 
larger and more numerous in proportion to the inter- 
cellular substance than they are at a later period; and 
this seems to depend on their playing a prominent 
part in the growth and active nutritive processes 
which take place in youth. 

A cell in its simplest form consists of a mass of 
a colourless, soft, granular matter, which is called 
protoplasm, in the interior of which is contained 
a generally round or oval body called a nucleus, 
which differs both in structure and in chemical con- 
stitution from the protoplasm. The granules 
which occur in protoplasm are not all of the same 
kind : some of them are large and easily to be seen 
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as separate points ; others are of extreme fineness ; 
the protoplasm, according as it contains granules of 
one or the other kind, is said to be coarsely or finely 
granular. The granules are frequently irregularly 
distributed, being more abundant at one part of the 
cell than at another. In their chemical constitution 
the granules of cells differ greatly. 

Whether protoplasm is structureless and homoge- 
neous, or possessed of different parts, is uncertain. 
Some observers maintain that the substance of every 
cell consists of at least two parts, one existing in the 
shape of a fine network, the other lying in the meshes 
of this. This view, is not, however, universally ac- 
cepted. Protoplasm possesses the power of sponta- 
neous movement, which shows itself not only in 
changes in the shape of the cell, but in its passage 
from place to place. In most of the tissues of the 
body, cells are to be found, which are not fixed in 
their position, but creep about by virtue of their 
powers of movement, and are hence called wander- 
ing or migrating cells, and their movements are 
called amoeboid movements. 

Protoplasm has the power of taking into its in- 
terior solid substances foreign to itself. It either 
stretches out processes by which it seizes the foreign 
body, and draws this into its interior, or it spreads 
itself over and around its prey. The substance ab- 
sorbed may, according to its nature, undergo a total 
or partial solution or digestion, or may be ejected 
unchanged. 

A cell composed of a mass of protoplasm such as 
has been described, has, of course, no fixed shape ; 
but most of the cells in the bodies of animals have 
very constant and definite forms. These cells have 
lost their powers of spontaneous movement, and 
have often undergone a peculiar change by which a 
layer on the surface has come to differ from the pro- 
toplasm in the interior, both chemically, and also in 
consistence, being firmer, harder, and more unyield- 
ing. This differentiated layer is what is called a cell 
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^vall. The various shapes which cells assume in 
becoming fixed in the tissues are to be explained on 
mechanical principles, growth taking place in the 
direction of least resistance, and being impeded ia 
those directions in which the resistance is great. 

Many cells have the property of forming matters 
which they store up in their interior. In vegetables 
we find cells filled with chlorophyll, or the green 
colouring matter of plants, and the largest part of 
our food comes from the starch which is formed 
and stored in vegetable cells. In the animal body 
we find a similar formation and accumulation in 
cells of pigment, fat, and other matters. An analo- 
gous process occurs in all the gland cells, only here 
the accumulation is temporary ; the materials of the 
various secretions are formed by the cells during the 
rest of the gland, and discharged when the secretion 
takes place. Many of these materials for secretion 
appear in the gland-cells in the shape of granules. 

Not only may the outer layer of a cell become 
transformed, but the entire mass of protoplasm may 
undergo transformation, when it naturally loses its 
protoplasmic or vital properties; and although it 
may continue for a time to form part of the body, it 
must be looked on in a certain sense as dead matter. 
The transformation may extend not only to the pro- 
toplasm, but to the nucleus also, or the nucleus may 
be spared, although it can scarcely escape alteration. 
As long, however, as a small residue of untransformed 
protoplasm remains, this may, under favourable cir- 
cumstances, again increase in quantity and regain all 
its vital endowments. 

Protoplasm never arises from dead matter, but 
always from pre-existent protoplasm. 

In accordance with this law, cells never arise from 
formless or dead matter, but every cell is the descen- 
dant of a parent from which it arises by a process of 
division. 

The divisioii of a cell is preceded by certain 
changes in its nucleus, which itself divides prior to 
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the division of the protoplasm : as these changes are 
manifestly of an active kind, the process which goes 
on in the nucleus is called karyoklnesls* 

Under ordinary circumstances, when a cell is at 
rest its nucleus is a vesicular body enclosed by a 
distinct membrane. Its consistence is fluid or semi- 
fluid, and it presents a network attached to the mem- 
brane, and traversing the whole nucleus. In the 
meshes of this network the fluid material is con- 
tained. The nucleus difi'ers chemically from the cell 
substance; for while this swells and becomes pale 
with acetic acid, the nucleus shrinks and increases 
in distinctness. Hence acetic acid is commonly em- 
ployed to demonstrate or " bring out " nuclei. Fur- 
thermore, many staining fluids which do not aflect 
the substance of the cell fasten on the nucleus. 
These stain the nuclear network most, but also the 
inter-reticular fluid. 

At certain points in the nuclear network thicken- 
ings occur which are called nucleoli. 

When the cell is about to divide, the nucleus under- 
goes the following alterations : — ^The nuclear mem- 
brane becomes indistinct or vanishes, but still the 
outline of the enlarged nucleus is evident as a clear 
border. The network becomes much closer than it 
was in the resting state, and stains much more deeply, 
while the substance contained in its meshes stains 
less or not at all. The nucleoli disappear. 

In the further stages, the network, still staining 
deeply, changes its form, and assumes in succession 
the appearance of a convoluted thread, of a wreath- 
like figure, of a star whose centre is at that of the 
nucleus and whose rays diverge towards the peri- 
phery, and of a compressed, flattened figure, some- 
times continued at both sides into a spindle by 
threads which stain only feebly. At this stage the 
nucleus is oval, and the compressed figure is ex- 
tended across it at right angles to its long cixis, and 
i^ for this reason called the equatorial plate. This 
divides in its middle, that is in the equator of the nu- 
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cleus, and the two portions, retreating one from the 
other, assumes each a stellate shape. There are then 
two daughter nuclei, arisen by division from the old 
parent nucleus. These daughter nuclei, which are at 
first smaller than the parent, pass from the stellate 
form through that of the convolution back to the 
condition of the resting nucleus. Shortly after the 
separation of the daughter nuclei the cell-substance 
becomes constricted between them and ultimately 
divides, one nucleus being contained in each divi- 
sion. These changes in th6 nucleus, preceding and 
accompanying the division of cells, are, it would ap- 
pear, common to all classes of animals and to vege- 
tables. Their discovery is of great importance, since 
the existence in a part of the peculiar nuclear figures 
is proof that the cells there are multiplying — ^a proof 
which was hitherto wanting, the division of cells hav- 
ing been in most cases only a matter of inference, 
and sometimes exceedingly uncertain. 

It is held by some observers that a division of 
nuclei can take place without the occurrence of the 
changes just described. In this case the resting nu- 
cleus, without altering its ordinary structure, simply 
becomes constricted and divides, its division being 
followed by that of the cell. This is called direct 
diTlsioiiy while that by karyokinesis is called in* 
direct. 

It is probable that there are other modes by which 
the division of nuclei is effected. One of these has 
recently been described under the term fk*agineii- 
tation. By it small portions of the nucleus are, as 
it were, budded off, and the pieces about to become' 
separate are frequently for a time connected by a 
pedicle with the parent nucleus. The division may 
be preceded by karyokinetic changes in the nuclear 
network, or may be direct. It has been as yet stu- 
died only in the cells of the red marrow of the bones 
(J. Arnold). 

We know that no cell arises except by descent 
from a pre-existent cell. But whether or not a nu* 
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cleus ever arises in the interior of a cell, except by 
division of a parent nucleus, is a question which can- 
not yet be certainly answered, although the evidence 
inclines more and more in favour of extending the 
aphorism omnis cellula e ceUula to omnis nucleus e 
nucleo. 

As has been stated, there are few parts of the body 
which retain an exclusively cellular structure ; but in 
most places there is formed between the cells more 
or less of an intercellular substance whose structure 
and disposition very largely determine the shape and 
arrangement which the cells themselves present in 
the mature tissues. 

What part is played by the cells in the formation 
of the intercellular substances is exceedingly obscure. 

According to some, the intercellular substance is 
formed from the protoplasm of the cells, the trans- 
formation affecting only the outer part of somb 
cells, but involving the whole of others. Other 
writers look on the formation of the intercellular 
substance as due to a process similar to that of 
secretion carried on by the cells, which, while not 
themselves undergoing change, produce in their in- 
terior matters which are subsequently separated and 
organised; while a third school seems inclined to 
deny to the cells any direct share in the production 
of the intercellular substances. It is quite possible 
that the process is not the same in all the tissues. 
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CHAPTER HI. 

BLOOD. 

Blood, when circulating in the vessels, or when 
recently withdrawn, appears to be a homogeneous 
fluid; but examination even with the unaided eye 
shows it to differ from an ordinary solution, since it 
is opaque even in very thin layers. 

When examined by the microscope it loses its 
apparent homogeneity, and is seen to consist of a 
clear colourless fluid (liquor sanguinis or plasma), in 
which float a vast number of little particles (cor- 
puscles). 

The liquor sansninifii is at first invisible, since 
it is perfectly structureless and without colour; but 
after a time there comes to be formed in it a sub- 
stance which is solid, and in microscopic prepara*^ 
tions takes the form of an exceedingly fine network. 
This is flbiin. 

The corpuscles are, in the blood of all verte- 
brate animals, evidently of two kinds, and are dis- 
tinguished by the fact that one kind are colourless 
(white corpuscles), while the other kind are of a 
faint yellow colour (red corpuscles). These latter 
are much more numerous than the white corpuscles, 
and it is to them that the colour of the blood is 
entirely due ; for although when seen singly they are 
pale yellow, yet when occurring together in large 
numbers they appear red. 

The red corpuscles are of two kinds. In mam- 
malian animals they have no nuclei, while in the 
oviparous vertebrates they are nucleated. Nucleated 
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red blood corpuscles occur in mammals during the 
early stage of embryonic life, and occasionally, in 
small number, in disease. 

In ovipara the red corpuscles are flat oval bodies, 
varying considerably in size in dififerent animals, but 
being always larger than the corpuscles of mamma- 
lian blood. In the middle of each corpuscle there is 
an oval nucleus, which slightly bulges the sides, and 
between this and the periphery the colouring matter 
is contained. The corpuscle is composed of a soft, 
flexible, highly elastic substance, which seems to be- 
come somewhat more dense and rigid towards the 
surface, but there is no definite and separable cell- 
wall. The nucleus is generally not seen at first, but 
after the preparation has been made for some little 
time it gradually becomes apparent, and can always 
be readily demonstrated by the application of re- 
agents. It has a granular appearance, and in favour- 
able circumstances can be seen to contain a beautiful 
reticulum. The corpuscles frequently show, par- 
ticularly if the preparation has been submitted to 
violence, radial markings due to folds passing from 
the nucleus to the periphery. That these markings 
are so caused can be readily determined by the use 
of the fine adjustment. 

In mammals the red blood corpuscles are, except 
in a few animals, circular flattened bodies, slightly 
concave on their surfaces, and rounded at the edge. 
Camels and llamas are exceptional, in that their cor- 
puscles are flattened ovals, and of extremely small 
size. In no case does a nucleus exist. Neither in 
mammals nor in ovipara does any proportion exist 
between the size of the animal and that of his red 
corpuscles. The human red corpuscle is, as com- 
pared with other mammalian corpuscles, a large one. 
Its diameter is on an average Woir inch ; its thick- 
ness laioo inch. These corpuscles are uniformly 
coloured. They possess the same flexibility and 
elasticity as do the nucleated corpuscles of ovipara, 
and seem to have no cell-wall. After withdrawal 

c 2 
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from the body, and even in the vessels when the 
circulation is slow, they manifest a remarkable ten- 
dency to adhere to one another by their surfaces, so 
as to form continuous masses, like piles of coin. 
Numerous attempts have been made to explain this 
curious phenomenon, but none are satisfactory. It 
is manifestly dependent on, or at all events connected 
with, the normal biconcave shape of the disc, for all 
circumstances which alter this shape prevent the for^ 
mation of the rouleaux. The corpuscles of ovipara 
do not adhere in rouleaux, possibly in consequence 
of the bulging of the sides by the nuclei. 

The colourlemi or ^rlilte corpuicles in the 
different classes of animals differ less fundamentally 
than do the red. They are always true cells, as 
already explained, consisting of a mass of proto- 
plasm surrounding one or more nuclei, and capable 
of performing amoeboid movements, of taking up 
solid particles into their interior, and of multiplying 
by division, none of which properties are enjoyed by 
the red corpuscles. When the white corpuscles are 
at rest, or dead, they assume a spherical shape. The 
size of the colourless corpuscles does not vary in the 
different members of the animal series to the extent 
to which the red corpuscles do, while in the same 
animal there is greater difference of size among the 
white than among the red corpuscles. In ovipara 
they are usually smaller than the red ; in mammals 
they are larger. In man the diameter varies from 
TtHro to TsW inch. The nucleus is usually not visible 
until the cell has died, but it can readily be made 
manifest by reagents. It is sometimes single and 
round, sometimes irregular in shape, and not un- 
commonly multiple. The protoplasm surrounding 
the nucleus varies in amount, and thus determines 
the size of the corpuscle. In the protoplasm are 
embedded granules, which are sometimes exceed- 
ingly fine, at others very coarse. In the latter case 
the granules are usually not evenly distributed, but 
massed together at one place, and their position 
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changes dtiring the amoeboid movements of the cor- 
puscle. The colourless corpuscles have no cell- wall. 
Besides the red and colourless corpuscles, which 
have been long known, other fbrmed elements 

have been recently described as existing in the 
blood. These bodies in mammalian blood are dis- 
coid, non-nucleated, and colourless, or very faintly 
coloured. As their refractive power is almost the 
same as that of the liquor sanguinis, they are 
exceedingly transparent objects, and in some cases 
quite invisible, and recognizable only as round 
spaces^ about which the other corpuscles are 
crowded together. They break down very rapidly 
after the withdrawal of the blood, and would appear 
to take an important part in the formation of fibrin. 
They are probably red corpuscles in an immature 
condition. They have been particularly described 
by Dr. Norris of Birmingham, and by Bizzozero; 
but there are differences, in the descriptions which 
make it doubtful whether these writers refer to the 
same bodies. Much doubt has been thrown on 
the existence of the corpuscles described by Norris, 
and they are believed by some observers to be only 
ordinary ted corpuscles, which have been caused to 
discharge their colouring matter by the methods 
employed in making the preparations. Bizzozero 
professes to have seen his corpuscles, which are 
much smaller than those described by Norris, while 
the blood was still circulating in the vessels of the 
living animal. Analogous colourless bodies, but 
nucleated, exist in the blood of ovipara. 

A few minutes after a preparation of blood has 
been made it will be seen, on raising the cover- 
glass, that the drop has solidified into a soft gela- 
tinous film. This is due to the formation in the 
liquor sanguinis of a very abundant, but extremely 
fine network of colourless transparent threads, in 
the meshes of which the corpuscles lie. As these 
greatly obscure the network, the latter is better seen 
after the removal of the corpuscles by washing. 
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There will then be noticed at the nodal points of 
the network little granular masses, which are pro- 
bably the debris of the colourless bodies described 
above. 

By the application of reagents many important 
facts relative to the structure of the blood corpuscles 
may be demonstrated. 

If a drop of blood be mixed with an equal bulk of 
water it is seen to lose its opacity, and at the same 
time to become darker in colour when viewed by 
reflected light. The blood is now said to be " laky," 
a condition which can be brought about by various 
other agencies besides water. If the water be made 
to act slowly, and the stages of its action watched 
under the microscope, the following will be seen : — 
In blood of ovipara the red corpuscles alter their 
shape, and become spherical. The nuclei become 
very apparent, and frequently occupy an ezcentric 
position in the corpuscles. The colouring matter 
rapidly leaves the corpuscles, and diffuses out into 
the surrounding fluid, so that at a certain stage we 
have colourless bodies floating in a red or yellow 
fluid. The outlines of the corpuscles become more 
and more faint, and finally the nucleus only is visi* 
ble as an oval granular body. The white corpuscles 
cease their amoeboid movements, become spherical, 
their nuclei become evident, and their granules often 
exhibit a peculiar dancing or vibratory movement in 
the interior of the cell. 

In mammalian blood also, on the application of 
water, the red corpuscles alter in shape, which causes 
a breaking up of rouleaux, if they existed. The bi- 
concave disc becomes concavo-convex, the opening 
of the concavity narrows, and the margins finally 
coalesce, a spherical body resulting. This gives out 
its colouring matter, and remains visible for a time 
in the stained fluid, but becomes gradually more 
faint, and finally disappears. The white corpuscles 
behave as in the blood of ovipara. 

This important experiment shows that the red^ 
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ootpuscle consists bf two parts, which can be sepa- 
rated one from the other, namely, the colouring 
matter, or hcBmoglobin, and a colourless stroma, 
with which under ordinary circumstances this haemo- 
globin is in some way combined. It also shows that 
the opacity and brieht colour of the blood are due 
to the red corpuscles, which reflect most of the 
light which falls on them ; but when their colouring 
matter is removed, the refractive power of the stroma 
is so reduced as to allow the light to pass freely 
through the blood, instead of undergoing reflection. 
The blood becomes in consequence transparent, 
and of a dark colour when viewed by reflected light. 

An effect on the blood similar to that caused by 
water can be produced by the action of dilute acids, 
or alkalis, by ether, chloroform, by passing conti- 
nuous or interrupted electric currents through the 
blood, by repeated freezing and thawing, and by many 
other means. In all these cases the colouring matter 
passes into solution, and the corpuscles are either 
dissolved, or remain as faint colourless bodies, while 
the blood assumes the dark transparent appearance 
to which the term laky is applied. 

If the blood be mixed with a neutral saline solu- 
tion of greater density than the liquor sanguinis, as, 
for instance, a 10 per cent, solution of common salt, 
the corpuscles undergo an alteration of the opposite 
kind to that which they experience when water is 
added. The red corpuscles lose their regular shape 
and assume a crumpled appearance ; and in the 
blood of ovipara the radial plication already noticed 
is often very well marked. The corpuscles appear 
of a darker colour than before, their outlines harder 
and more defined, and their smooth homogeneous 
substance becomes more or less granular. In the 
blood of ovipara the nuclei become evident, while in 
vertebrate blood the rouleaux break up. The white 
corpuscles become spherical, and cease to move. 
To the naked eye the blood, when mixed with the 
saline solution, becomes much brighter in colour. 



24 MANUAL OF mSTOLOGY. 

and more opaque than before. This is due to the 
increased density of the corpuscles, which now reflect 
more and transmit less light than they did previously. 
We see from the action of water on the one hand, 
and of strong saline solution on the other, that the 
red corpuscles present the phenomena of osmosis; 
absorbing fluid, or giving it out according as the 
liquor sanguinis is unduly diluted or concentrated. 

If a preparation of mammalian blood be not 
covered directly it is withdrawn, it is common to 
see a large number of the red corpuscles covered 
with spines, something like the outside of a horse* 
chestnut. A similar appearance is often noticed 
at the edge of preparations which have been made 
for some time. This prickly appearance is much 
more frequently observed in some specimens of 
blood than in others, and is peculiarly common 
in the blood of persons suffering from fever. Its 
explanation is not certainly known. It is not due 
to concentration of the plasma, since it is not com- 
mon after addition of strong saline solution ; while 
the fact that corpuscles so altered regain their smooth 
appearance when exposed to an atmosphere of car- 
bonic acid would point to the loss of this gas as 
having some share in the production of the altered 
form. A spinous condition of the corpuscle does 
not occur in ovipara. 

When mammalian blood is acted on by a solution 
of tannic acid the surface of the red corpuscle be- 
comes coagulated, and gives way at one or more 
points ; the fissure is very commonly of a cres- 
centic form, and situated at a little distance 
from the edge. From the fissure a substance pro- 
trudes, which at the moment of its protrusion is 
coagulated, commonly as a little shining knob, but 
sometimes as a long projection. In these knobs 
or projections is contained the greater part of the 
colouring matter of the corpuscle, but the whole 
of the colouring matter usually does not pass into 
the protrusions, and these consist of some substance 
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besides the colouring matter, for they stain readily 
in magenta, which does not stain haemoglobin. 
Hence tannic acid does not, as sometimes stated, 
effect a separation of the colouring matter from 
the stroma, but brings about an analysis of some 
other kind, the exact nature of which is uncertain. 
Tannic acid produces analogous results in the blood 
of ovipara, but here the reaction does not succeed 
so constantly as in vertebrate blood. 
^ When the red corpuscle of the newt or (although 
less constantly) the frog are treated with a solution of 
boracic acid the colouring matter sometimes collects 
itself about the nucleus, leaving the peripheral parts 
of the corpuscle. At a certain stage in the process 
the colouring matter is still connected at points 
with the periphery of the corpuscle, and in this way 
assumes a stellate shape, which must not be con^ 
founded with the radial plication already referred 
to. Subsequently the nucleus and colouring matter 
are protruded from the corpuscle. Somewhat simi- 
lar appearances are sometimes seen at certain stages 
in the action of water on the corpuscles. 

When mammalian blood is heated to 52° C. the 
rouleaux break up, and the corpuscles undergo pe- 
culiar alterations of form, becoming at first deeply 
notched at their margins, then throwing out long 
beaded processes, or several small globular projec- 
tions, and finally, after a time, breaking up into 
minute globular bodies, which retain their colour. 
If the heat be raised to 60° C. the blood becomes 
laky. Nucleated red corpuscles (frog's) at 45° C. 
become uneven on the surface, and notched or 
dumb-bell-shaped, but do not form the curious 
figures or break up into globular masses as do the 
mammalian corpuscles. These phenomena show 
that the red corpuscle does not consist of a cell- 
Wall and fluid contents, but of an uniform soft 
substance which can break up into pieces. By 
mechanical means, as raising the cover-glass, or 
drawing some sharp instrument smartly across it, 



26 MANUAL OF HISTOLOGY. 

m 

the blood corpuscles can often be divided, when 
it is seen that they do not evacuate their contents, 
but each fragment collects itself into a little globu- 
lar mass. 

Small spherical masses resembling those got by 
heat or mechanical violence are often found in the 
blood, even in health, but particularly in certain dis- 
eases (severe forms of anaemia). They are called 
microcytes. Their origin and import are uncer- 
tain. 

Heat of 48® to 50° C. arrests the amoeboid move- 
ments of the white corpuscles ; but these may be 
resumed if the temperature be lowered. If, how- 
ever, the high temperature be maintained, or still 
further raised, the cessaticm of motion is permanent. 
These phenomena are precisely analogous to heat 
tetanus and heat rigor of muscles. 

While we must look on the white corpuscles as 
indifferent cells, there Is much difficulty surrounding 
any attempt to explain the structure and nature of 
the red corpuscles. It is most probable that in 
ovipara they are cells which have retained their 
nuclei, but whose protoplasm is changed into the 
material of the stroma and haemoglobin, in an ana- 
logous way to that in which, in the case of the 
epidermic cells, we shall see that the protoplasm 
is converted into keratin. In the corpuscular sub- 
stance the haemoglobin is combined with the stroma 
in some manner as yet imperfectly understood. The 
combination is a soft, flexible, elastic solid, without 
separable outer membrane, but very sensitive to 
changes in the density of the fluid in which it floats. 
It has lost all its protoplasmic properties, and is in a 
certain sense a dead substance. It has no power 
of spontaneous movement ; it does not respond to 
stimuli ; it cannot multiply by division ; nor can 
it take up foreign particles into its interior. It is 
most probable that it cannot even nourish itself 
from the plasma; but that, having performed for a 
short time its oxygen-carrying function, which 19 
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inherent in the haemoglobin, it undergoes destruc- 
tion. 

The mammalian corpuscle is most probably a cell 
which has lost its nucleus either by extrusion at an 
early stage of its formation or by atrophy, and whose 
protoplasm is transformed as above described. There 
are many reasons, both physiological and pathologi- 
cal, against the view that the corpuscle is a nucleus 
which has lost its protoplasmic surroundings and has 
acquired colour. This view has, however, recently 
been again advanced, and the question cannot, as 
yet, be considered as in any degree settled ; the 
whole subject of the development of the blood 
being full of obscurity and difficulty. 

The colouring matter of the blood, or haemoglobin, 
presents certain interesting microscopical peculiari- 
ties. Although in chemical constitution one of the 
most complex substances known, yet it crystallizes, in 
some animals with great readiness (dog, rat, guinea- 
pig), in others with greater difficulty. The crystals 
differ in shape in different animals : in the dog they 
are long four-sided prisms ; in the guinea-pig tetra- 
hedra ; in the hedgehog six-sided plates. Even in 
the same blood crystals of different form may be 
got ; so in the same specimen of rat's blood we may 
find both prismatic-shaped crystals and hexagonal 
plates. 

When blood has long been exposed to the air, of 
when it has been acted on by acids, alkalis, and other 
reagents, the haemoglobin is decomposed, and gives 
rise to the substance which gives the brown colour 
to old blood stains. This substance is called hoema- 
tin, and does not crystallize; but from it crystals 
can be obtained, whose presence is a valuable proof 
that the substance under examination is really blood. 
These crystals are formed of a compound of haema- 
tin and hydrochloric acid, called haemin. The)^ 
occur as minute rhombic crystals, of a dark-brown 
colour, and are frequently arranged in groups lying 
one across the other. 
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In old blood extravasations orange- coloured 
crystals are commonly met with, formed of a sub- 
stance called hoematoidln. This substance con- 
tains no iron, and is believed to be identical with 
bilirubin. 

When a solution of haemoglobin is examined with 
the spectroscope it is found to intercept certain rays 
of light, and to give rise to dark bands (absorption 
bands) in the spectrum between the Fraunhofer lines 
D and E. If the haemoglobin be in the oxidised 
condition (oxyhaemoglobin) there are two bands; if 
in the deoxidised or reduced, only one, whose darkest 
part is midway between the two bands of oxyhaemo- 
globin. These spectra are a most valuable test for 
blood. By means of a spectroscope adapted to the 
microscope, or microspectroscope, the characteristic 
spectra can be obtained from extremely minute quan- 
tities of blood. 

If the haemoglobin have undergone decomposition 
by exposure or other cause, it will either give no 
spectrum at all, or one different from that of the 
unaltered colouring matter. The description, how- 
ever, of these spectra belongs to the province of 
physiological chemistry. 

The blood of the frog and that of man will serve as examples 
in the following exercises. The blood of other animals should, 
however, be examined as occasion offers : — 

It is best to begin with the frog, since in it the red corpuscles 
are larger and fewer, and the distinction between the red and 
white corpuscles more manifest, than in human blood. 

I. Fro|^s Blood. — ^A frog is killed by pithing or by chloro- 
form. ^ The sternum is raised, the pericardium opened, a snip 
made in the ventricle, and the blood received on a clean slide 
or cover-|;lass. A readier way, and one which answers nearly 
as well, IS to decapitate the frog and receive the blood as it 
flows from the vessels of the neck. Or the blood may be 
allowed to flow into a watch-glass and to coagulate. If the 
coagulum be taken in a pair of forceps and the slide touched 
with it, a drop of serum containing numerous corpuscles (fewer 
of course than in the fresh blood) will be got. In any case the 
drop, should be large enough to fill the whole space between 
the cover-glass and the slide, but only in such a tnin layer that 
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the corpnscles do not lie one over the other. Examine with 
the hign-power. Notice the pale-yellow oval bodies covering 
the field (red corpuscles) ; in most of these no nucleus is ap- 
parent, but in some a faint granular oval spot in the centre 
IS already visible, and will gradually become more distinct. 
If the drop be large, some red corpuscles will probably lie so 
as to present their edges to view, and will appear linear, with 
slight bulging in the region of the nucleus. The corpuscle is, 
therefore, not oval like an egg, but a flat oval. Obsore the 
white corpuscles, much fewer than the red ; colourless, of some- 
what variable size, but all much smaller than the red. At first 
all are spherical, and, however they lie, will present a circu« 
lar outline. Subsequently many will assume an irregular shape, 
which varies from moment to moment (amoeboid movements). 
In some corpuscles the granules are coarse and evident; in 
others so fine as not to be separately distinguished by ordinary 
powers. In most white corpuscles no nucleus is visible in the 
recent preparation. 

2. As the preparation has probably coap^ulated, and in conse- 
quence reagents cannot well be applied, it is best to make a fresh 
preparation as in i. Place on the slide, touching one edge of 
the cover-glass, a small drop of water, which will flow in l^ 
capillarity, and at first drive the blood before it, but the fluids 
mix gradually from their line of junction. Notice how, in the 
current produced by the influx of the water, the red corpuscles 
roll over and over, presenting alternately an oval and a linear 
shape. Observe how, as the water gradually mixes with the 
blood, the corpuscles become spherical, appearing round and of 
less diameter man the long axis of the onginal oval ; how the 
nucleus becomes visible; uie diffusion of the colouring matter 
and the gradual fading and disappearance of the corpuscle leaving 
the nucleus. Observe that after the action of the water the blood 
has become transparent or laky. 

3. Mix on the slide, with the point of a needle, a drop of 
recent frog's blood, and an equal-sized drop of 10 per cent 
solution of common salt. Observe how the blood becomes of 
brighter colour and more opaque than before. Cover, remove 
any excess of fluid from the edges of the cover-glass with filter- 
paper, and examine. Observe that the corpuscles have lost their 
smooth homogeneous structure and are somewhat granular; that 
their outline is harder and more defined than before ; that 
many of them have a crumpled or folded appearance, fi^uently 
showing itself as a plication radiating from the nucleus ; that 
the nucleus is visible ; that the colouring matter has not difiiised. 

4. To the same preparation add a drop of magenta staining 
fluid.* There is at first a good deal of precipitation, but on 

* Crystals of magenta or fiichsin dissolved in alcohol and 
largely diluted with water. 
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continuing to nm in the dye the corpuscles become stained. 
Remove with filter-paper any magenta remaining at the side of 
the preparation ; run m firom the same side a stream of water. 
This washes away the dye and leaves the stained corpuscles on a 
clear ground. The nucleus is intensely stained. A well-defined 
outline or cell-wall* becomes visible, on the inner side of which a 
number of little stained masses are seen. The corpuscle between 
tiiie cdl-wall and the nucleus is unstained. 

5. BLuman Blood. — ^From a puncture in the finger squeeze a 
drop of blood. Place it in the middle of a cover-glass and quickly 
apply this to the slide. It is of great importance to have the 
layer of blood very thin. Notice 5iat the red corpuscles, here 
much smaller and more numerous than in the froe's blood, present 
either a round or a linear shape according as uey lie flat or on 
edge. When in the latter position it can be seen that the middle 
part of the corpuscle is thmner than the margins, and that these 
are rounded so that the figure is somewhat dumb-bell-shaped. 
Observe as the corpuscles move about among one another that 
they readily alter their shape when they meet an obstacle, but 
immediate^ resume their natural appearance when this is past, 
thus manifesting their flexibilty and elasticity. Notice in the 
centre of those corpuscles which lie flat a badly-defined spot, 
whidi becomes brignt or dark as the fine adjustment is altered. 
This must not be confounded with a nucleus. It is an efiect 
produced on the light by the concave centre and rounded edges 
of the corpuscle. Shortly after the preparation is made many 
corpuscles will arrange tnemselves m rouleaux. Towards the 
edge of the preparation ^inous corpuscles may be seen. Micro- 
cytes-may be present. Notice the white corpuscles, very few, 
two or tliree in each fidd ; slightly larger than the red, without 
colour, and of granular appearance, standing by themsdves after 
the rouleaux are formed, and stationary whUe the red corpuscles 
are moving. The white coipuscles remain at rest partly because 
they are l^ger than the red and support the cover-glass, partly 
because they are of a tenacious consistence, and cling to whatever 
surfJEice they come into contact with. 

6. Make a fresh preparation of human blood, and allow water to 
flow in under the cover-glass as in 2. Observe the corpuscles as 
they roll in the current, the white corpuscles remaining fixed. 
As the water acts, notice how the red corpuscles become spheri- 
cal : try to see the bowl-shaped stage in which the corpuscles 
are concavo-convex. Observe the difliision of the colouring 
matter, and how the corpuscles become gradually fainter and 
at last disappear : observe particularly that at no stage in the 
process is any nucleus visible. The white corpuscles persist 
after the water has acted. 

* This apparent cell-wall is produced by the action of the 
reagent on the surface of the corpuscle. 
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7. Mix on the slide eqtial drops of fresh human blood and 10 per 
cent, salt solution. Observe tne increased brightness of colour 
and greater opacity : cover and examine. There are now no 
rouleaux. The corpuscles are more opaque than before and 
slightly granular, with hard outline and distorted crumpled ^pe. 
No dinusion of colouring matter. 

8. Irrigate the same preparation with } per cent, tannic acid 
solution, made by dissolving the tannic ada in warm water and 
filtering the solution. When the acid comes in contact witii the 
corpuscles, there starts out from near the edge of each one or 
more little knobs or longer tail-like projections, appearing bright 
and containing most of the colourmg matter of the corpuscle. 
The outline of the corpuscle becomes well defined, and is formed 
by a distinct line (artificial cell-wall). Try to see the sudden 
formation of the projections. 

9. Same preparation. Remove with filter-paper any tannic 
acid which has not already run in, and fi'om tne same side run 
in magenta : follow this, when the preparation is stained, by a 
stream of water, to remove the excess of dye. The projections 
are stained a bright red. The remainder of the corpuscle is 
unstained. 

10. The effects of heat on the blood may be readily shown by 
the ingenious method of Ranvier. Make a preparation of fiesh 
human blood. Heat in the flame of a spirit or gas lamp a thin 
stick of solder until it just begins to melt. Then touch the 
centre of the cover- glass with the melting metal. If a drop 
comes off the rod it must be allowed to cool before it is detached 
from the glass. It will now be found that under the spot where 
the solder was applied the corpuscles are completely destroyed 
and tiie haemoglobin set free. Surrounding this spot there is a 
zone where the corpuscles are changed into Httle spherical bodies 
of various sizes, mixed with which will be found corpuscles with 
long tail-like appendages, and presenting other alterations of 
shape; while outside this the corpuscles will appear of their 
normal shape, and lie in rouleaux. In order to see the changes 
caused by heat actually taking place, and to determine the 
temperature at which they occur, it is necessaiy to examine 
the blood on a heated stage, of which there are various forms 
in use. 

1 1 . Dilute on the slide a drop of recent blood of a guinea-pig or 
rat with enough water to make it laky. Leave it uncovered until 
it begins to dry about the edges : then cover and examine from 
time to time. Crystals of hkmoglobin will form as the fluid 
evaporates. These will have the shapes peculiar to the animal 
from which the blood has been taken. Defibrinated blood may 
be kept sealed in glass tubes for an indefinite time without 
undergoing more than a very limited putrefaction. The red 
colour of arterial blood soon changes to dark purple, and the 
spectroscope shows that all the haemoglobin is reduced. Such 
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blood, when removed from the tube and dilated with water, 
crystallizes with great readiness and in large oystals. It is con- 
venient to keep blood sealed up in this way in several small 
tubes, one of which can be opened when crystals are required 
(Gscheidlen). 

12. Take a small fragment of dried blood, recent or old ; rub it 
to powder on a slide, and mix it with a minute quantity of pow- 
dered salt : put on a cover-glass and run in glacial acetic add until 
the space between the glasses is full ; then heat cautiously over 
a spirit or glass flame until the acid begins to boil. Allow the 
preparation to cool, and if the acid has evaporated, so as to leave 
an empty space under the cover- glass, this may be filled by 
running m water. Numerous dark-brown rhomboidal crystals 
of haemin will be seen, of various sizes, and lying singly or 
in groups. 

13. Make a preparation of recent frog's blood. As the ob- 
servation must last some time, and as it is important that the 
liq. sanguinis should remain unaltered, it is well to seal up the 
preparation by painting around the edge of the cover-glass a 
layer of oil, which must extend about ^ inch over the surface of 
the cover-glass, and at least the same distance on the slide 
beyond this. Or the preparation may be sealed up with paraffin 
applied with a heated wire. Look out for a large white corpuscle 
which lies by itself. Choose one which is finely granular, and 
which has an irregular shape. Watch it closely, and it will be 
observed to undergo changes of form, at first slow and of slight 
extent, but increasmg as the corpuscle recovers from the violence 
done to it in making the preparation. In order to make sure 
of the movement, the shape of the corpuscle should be sketched 
eveiy half minute or so. In this way a series of very different 
figures will be got, which can be subsequently compared with 
one another. If finely divided particles, as vermillion or aniline 
blue freshly precipitated from its alcoholic solution by water, 
be suspended in f per cent, salt solution and mixed with the 
blood, the white coi^uscles may sometimes be seen to take into 
their interior some of the granules. This is called feeding the 
corpuscles. If salt solution, in which vermillion has been rubbed 
up, be injected into the lymphatic sac of a frog, in a few hours 
the white corpuscles of the blood will contain numerous coloured 
grains. If, instead of vermillion, milk be injected, the corpuscles 
wiU contain fat globules and resemble closely the so-called colos- 
trum corpuscles of milk. If a piece of elder pith or other porous 
substance be introduced for a few hours into the lymphatic sac of 
a frog, and after its removal fine sections be made, the lymph 
corpuscles will be found to have penetrated to a considerable 
distance into it. This they do by virtue of their power of per- 
forming spontaneous movements. These experiments, however, 
although in the highest degree instructive, cannot be performed 
by students. In order to study the amoeboid movements of the 
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corpuscles in the blood of a wann-blooded animal, the prepara- 
tion must be examined at the temperature of the body on the 
heated stage. 

14. Place a large drop of blood on the slide, and cover. Put 
the preparation on a support under a bell glass standing in a 
plate into which some water has been poured. In this space, 
which is completely saturated with watery vapour, no evaporation 
from the preparation can occur. This arrangement is called a 
moist cliamber. It will be frequently referred to. In about 
an hour or less remove the slide and place it carefully in a saucer 
of water; remove the cover-glass underwater, takmg care not 
to detach from the slide the film of coagulated blood. Allow 
this to lie in the water for some minutes until most of the 
colouring matter is dissolved out. Then remove the slide with 
the adherent film, now almost colourless. Wipe the slide dry, 
and remove all excess of water from about the film with filter- 
paper, taking care not to touch the object with the paper lest they 
should stick to one another. Then apply a cover-glass. Observe 
the beautifully fine reticulum of fibrin; the httle granular 
masses at the nodal points ; the few white corpusaes and 
decolorised remnants of red coipusdes in the meshes of the 
network. 

15. To see the third corpuscular element, a cover-glass is 
fastened down tightly to the slide by two strips of adhesive 
plaster. Some blood from a puncture in the finger is allowed 
to run in between the glasses. In places the corpuscles will be 
crowded together and the liq. sanguinis drained off. Here the 
colourless bodies may be seen, either merely as round spaces, 
about which the red corpuscles are moulded, or their faint out- 
lines may be more or less clearly visible (Norris). 

Or, a drop of 075 per cent, salt solution coloured with 
methyl violet is placed on the finger, and a puncture made 
through the drop so as to cause the blood immediately at its 
exit to come into contact with the coloured salt solution. The 
two fluids are mixed with a needle on the finger, and a drop of 
the mixture examined. In such a drop, pale, colourless discs, 
smaller than the red corpuscles, may be seen (Bizzozero). 

16. Permanent preparations of blood are made with difficulty. 
A very thin layer of blood may be dried rapidly on the shde by 
heat, or by blowing on it a current of air. The corpuscles 
adhere to the glass and retain their shape fairly well. Such a 
preparation is covered dry and sealed in tne usual way. 

A better method is to place theblood on the slide, and invert 
this for a few minutes over the mouth of a bottle containing a solu- 
tion of osmic acid I per cent., the fiimes of which fix the cor- 
puscles, and prevent their undergoing farther change. A small 
drop of a saturated solution of acetate of potash is placed on the 
cover-glass, and this is inverted and placed on the drop of blood. 

D 



34 MANUAL OF HIStOLOGY. 

The excess of fluid is removed with filter-paper, the slide dried, 
and the prepiu^tion sealed (Lankester). 

Haemoglobin c^tals are best preserved by rapid drying on 
the slide ; a small drop of oil of cloves is added, and the pre- 
paration mounted in Canada balsam or Dammar varnish. 

Haemin crystals can be preserved either in glycerine or balsam. 

Haematoicun crystals can be put up in glycerme. 
' It is best for students not to begin to make permanent pre- 
parations until they have gained some proficiency in the mani- 
pulation necessary in preparing temporary objects. 
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CHAPTER IV. 

EPITHELIUM AND ENDOTHELIUM. 

All the free surfaces of the body are covered by a 
tissue which consists of cells only, or, more accu- 
rately, of cells held together by an extremely small 
quantity of a cementing material, as the stones of 
a wall are by the mortar. Into this tissue blood- 
vessels never enter, although in many cases nerves 
ramify freely among the cells. 

The free surfaces which we meet with are of two 
kinds: one forms part of the true covering of the 
body, or did so at some period of life. As examples, 
may be given the skin, mucous membranes of diges- 
tive, respiratory, genito-urinary tracts, the lining of 
the ventricles of the brain, and the central canal of 
the spinal cord. The cells which cover these sur- 
faces are called eplthelimn. 

The second class of surfaces never at any period 
communicated with the exterior or formed part of 
the true covering of the body, but bound closed 
cavities in its interior. Examples of this class are 
to be found in the serous membranes, the interior 
of the heart, blood-vessels, and lymphatics, sheaths 
of tendons, and articular cavities. The cells cover- 
ing these surfaces are called endotheliain. While 
the epithelia are developed for the most part from 
the upper or lower germinal layers of the embryo, 
the endothelia are formed from the middle layer, 
and their relationships are consequently rather with 
the connective tissues than with the epithelia. 

The terms epithelium and endothelium are not 

D z 
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always used in the sense just defined. Some writers 
reject the term endothelium altogether, and call all 
the cell tissues epithelium : others employ the term 
endothelium to indicate those tissues which consist 
of a single layer of flat cells, whether these form 
part of the surface of the body or not. In this 
sense certain structures which are generally de- 
scribed as epithelial are classed among the endo- 
thelia, as, for instance, the cells which cover the 
alveoli and infundibula in the lungs. 

I. Epitlieliiiin. — Since the surface of the body 
is covered by epithelium, this structure must form 
a continuous layer, except in a few places where in 
process of development portions of the general sur- 
face, together with their epithelium, have become 
separated from the remainder, and now bound 
closed cavities. Examples of this occur in the cavi- 
ties of the brain and spinal cord, the internal ear, 
and the space between the two layers of the retina, 
where, although the space is obliterated, the epithe- 
lium persists. Elsewhere the epithelium forms a 
continuous sheet, although much involuted, for not 
only does it follow the general surface of the skin 
and mucous membranes, but it passes down into 
all the glands which open on the surface, and lines 
their ducts and secreting cavities. 

Although having many features in common, the 
cells forming this epithelial sheet differ consider- 
ably in different parts : these differences depend on 
the facts — (i) that the cells sometimes lie in a single 
layer, sometimes in several superposed layers, and 
(2) that the shape and arrangement of the cells is 
very different in different parts. The different kinds 
of epithelium pass into one another by transitions 
which are sometimes abrupt, sometimes more gra- 
dual. 

In consquence of the differences just mentioned, 
the epithelia have been classified — A, according to 
the number of layers of cells present. 1°. into those 
which consist of one layer of cells or simple epi- 
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thella ; 2°. into those which consist of many layers, 
or stratified or compound epitlielia. 

B — According to the shape of the cells. 1°. when 
these are flat and lie with their surfaces parallel to 
the surface they cover, the epithelium is scaly or 
squamous ; 2°. when the cells are long, prismatic, 
or conical bodies, which are arranged so that their 
long axes are placed at right angles to the surface 
they cover, the epithelium is columnar or cylin- 
drical ; 3°. a third species of epithelium occurs 
which — because its cells are of very irregular shape, 
some resembling those of scaly, others those of 
columnar, and because it is frequently found at 
points where scaly and columnar epithelium meet — 
is called transitional epitlielium. 

Scaly epithelium may be simple or compound ; 
transitional epithelium is always compound ; while 
columnar epithelium is (in a sense to be afterwards 
explained) nearly always simple. 

Epithelial cells are sometimes provided with fine 
hair-like appendages on their free surface. These 
appendages or cilia are continually in motion, and 
cause a current in the fluid which covers the surface 
of the mucous membrane. Epithelia which have such 
appendages are called ciliated: transitional epi- 
thelium is never ciliated ; scaly rarely in the human 
body, while large tracts are covered by columnar 
ciliated epithelium. 

The epithelia which occur in the interior of 
glands, and constitute their secreting elements, are 
too variable in structure and arrangement to admit 
of classification, and will be described separately 
with each gland. It may be said here, however, 
that the diflerences in shape of the glandular 
epitbelial cells is of less importance than the dif- 
ferences in their structure and chemical constitu- 
tion. 

In the organs of special sense the epithelial 
cells undergo peculiar modifications of shape and 
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Structure, and form the organs in which the nerves 
terminate. This is nemro or nerre eplthelimn. 

In many cases the epithelium rests on a thin mem- 
brane, separable from the subjacent parts. Such a 
'basement membrane' appears homogeneous, but 
consists really of flat cells joined closely, edge to 
edge, and there is some doubt as to whether it be- 
longs to the epithelium or to the deeper parts. In 
other cases no such basement membrane is to be 
seen, but the epithelial cells rest directly on the 
tissue of the mucous membrane, which may be some- 
what condensed near the surface. 

Prolongations of connective tissue cells among 
those of the epithelium have been described in seve- 
ral mucous membranes (Klein) ; and amoeboid, wan- 
dering cells are frequently found in the cementing 
substance. 

The following Table gives a summary of the dif- 
ferent epithelia, and the parts of the body in which 
each is found : — 
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1. fi^caly Kpltheliuiii. — i . Simple Scaly Epf * 
theliant consists of a layer of thin, flat cells, lying 
side by side — not overlapping, but meeting edge to 
edge. It resembles endothelium very closely, and 
occurs in so few places that its description, and the 
methods for its study, will be given when these parts 
are being described. 

2. Compound Scaly Kpltheliiim consists, 
from its deepest to its most superficial part, of the 
following layers : i . A layer of columnar cells, resting 
by one end on the basement membrane, with which 
they often indigitate by fine teeth. In some cases 
these cells are short, almost cubical, with badly- 
defined outlines, and large nuclei in proportion to 
the amount of protoplasm : in other cases, as on the 
anterior surface of the cornea, they are tall, distinct, 
club-shaped cells, occupying a very considerable 
proportion of the whole depth of the epithelium. 
2. Several layers of irregular-shaped cells : these 
present ridges and depressions, where they fit one 
against the other, and against the upper ends of 
the cells of the first layer ; they consist of a granular 
protoplasm, and each contains one or two nuclei. 
Their surface is covered with very minute spines. 
It was at first supposed that the cells dovetailed with 
one another by these spines, like cogged wheels, but 
it is now known that the spines meet point to point, 
and that the cells are continuous one with another 
by little bridges, very much as postage stamps are, 
across the line of perforation. When these bridges 
are torn across in isolating the cells, the fragments 
which remain adherent to the cells form the spines. 
The cells become more and more flattened as they 
approach the free surface, and pass gradually into the 
third layer, which consists of thin, flat scales, in which 
the greater part of the protoplasm has undergone 
transformation into a transparent, structureless, homy 
material. Each cell contains a shrivelled nucleus, 
around which are a few granules. These cells lie in 
several layers, the cells not meeting by their edges» 
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but overlapping one another. They have no spines, 
and are so loosely attached to one another that the 
superficial cells are continually undergoing desqua- 
mation. The degree to which the horny transfor- 
mation of the cells is carried differs in different 
epithelia. 

While the general character of the compound 
scaly epithelium is the same wherever it is met, the 
thickness of the second and third layers is subject to 
great variety. 

II. Transltloiial KpltheliaiiA. — ^This variety of 
stratified epithelium consists of three layers. Rest- 
ing on the basement membrane by their smaller 
ends are club-shaped cells, whose large rounded ex- 
tremities are directed towards the surface. Between 
the deeper ends of these cells, and filling up the 
interstices which here exist, are others of smaller 
size and very irregular shape. Covering over all, 
and forming the most superficial layer, are large, 
flattened, but thick, cells, on whose under surface 
are a number of deep rounded depressions, into 
which fit the heads of the club-shaped cells. The 
depressions are separated by prominent ridges, which 
appear as bright and curved lines, when the isolated 
cells are seen from their under surface. All the cells 
of this epithelium possess a granular protoplasm. 
In the two deeper layers each cell has one nucleus. 
In the club-shaped cells this is oval, the long axis 
being in the long axis of the cell. The superficial 
cells often contain several nuclei. The above de- 
scription is taken from the epithelium of the blad- 
der, when this viscus is contracted : when it is dis- 
tended all the cells are flat, and the whole epithelium 
is thinned, each cell having to cover a much larger* 
area than before. 

In the transitional epithelium of other parts the 
superficial cells are much smaller than in that of the 
bladder. 

III. I . Columnar Uron-clliated Epltheliam. 
— The cells of this epithelium are for the most 
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part long conical-shaped bodies placed vertically 
to the surface, resting by one of their ends on 
the basement membrane. Each cell consists of 
a granular protoplasm, and contains an oval nu- 
cleus, situated about its middle : in some cases the 
deeper part of the cell is very distinctly striated in 
a longitudinal direction. The lower or attached 
end of the cell sometimes expands into a conical* 
shaped foot; sometimes divides into several fine 
processes; and sometimes passes into a sort of 
beak, which is bent at right angles to the general 
direction of the cell, so that these beak-like pro- 
cesses of neighbouring cells come to overlap one 
another.^ 

The sides of the cells are frequently marked by 
depressions and ridges, by which they correspond 
to the projections and hollows of neigbouring cells. 
The free surface has in many places a shining border, 
which can sometimes be detached as a continuous 
cuticular membrane over the extent of several cells. 
With good lenses, and in favourable specimens, this 
border is seen to have very fine radial striae, which 
have been supposed by some observers to be pores, 
by others to indicate that the border is constituted 
of minute rods, but whose true import cannot yet be 
considered as settled. 

Lying between the completely formed conical 
cells are others, which fill up the intervals between 
their smaller ends, and which must be looked on as 
young cells destined to replace the conical cells 
when they are cast off. These young cells are some- 
times short pyramidal bodies, whose broader ends 
rest on the basement membrane between the at- 
tached ends of the adult cells ; sometimes long 
spindle-shaped bodies, whose attached ends may 
have one or other of the forms described above, 
and whose small free end terminates generally just 
below the surface between the conical cells. The 
young cells are called replacement cells. 

Columnar epithelial cells frequently undergo a 
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remarkable change. The portion of their proto- 
plasm next the surface becomes converted into a 
colloid substance which distends the cell, probably 
in consequence of its attraction for water. Owing 
to this swelling the cell changes its original shape, 
and becomes something like that of a wine-glass 
whose foot is removed ; hence these cells are called 
goblet cells. A further consequence of the swell- 
ing is, that the nucleus and the remains of the pro- 
toplasm are pushed down towards the base of the 
cell. The free end finally gives way, and the colloid 
mass is discharged as mucus, leaving the upper part 
of the cell empty, or traversed only by a scanty net- 
work of protoplasmic threads. The opening through 
which the discharge of mucus takes place is generally 
narrower than the dilated deeper part of the cell, 
and is frequently provided with an everted edge. 
The shape of the goblet cells varies a good deal 
according to the degree to which the protoplasm 
undergoes the transformation into mucus, prior to 
the discharge of the latter. If only the upper part 
of the protoplasm changes, the cell is of a true 
goblet shape ; but if the process extend further, the 
entire cell may become spherical or oval, and the 
remaining protoplasm and nucleus form a narrow 
crescentic figure at its deeper part. Goblet cells 
occur without order among the other cells, and their 
number varies greatly at different times. They must 
be looked on as unicellular glands; and in many 
parts, as in the stomach and intestines, they are the 
sole source of the mucus which covers the surface of 
the mucous membrane. 

The process of formation of goblet cells proves 
that columnar epithelial cells possess a cell-wall 
firmer than, and of diifferent chemical composition 
to, the contained protoplasm. 

2. Columnar Ciliated Kplthellmn. — This 
epithelium in the general shape of the cells resembles 
very closely that last described. The cells are coni- 
cal with their attached ends pointed, branched, or 
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terminating in an expanded foot. Their nuclei are 
oval, and between the mature cells are younger forms 
described in the last section. This form of epithe- 
lium differs from the last, in that the free end of 
each of the mature cells bears a number of minute 
hair-like processes called cilia. In the lower ani- 
mals there are cells with only one cilium ; but in the 
higher classes each cell has from lo to 30 cilia. 
Immediately under the cilia the cell possesses a 
thick shining border, which, with moderate powers, 
presents a beaded appearance. It was supposed 
that this was a cuticulum perforated by holes through 
which the cilia passed, to be rooted in the proto- 
plasm of the cell. It has, however, recently been 
shown that the apparent cuticulum is really com- 
posed of a number of short rods, to each of which 
a cilium is attached, not directly, but by a narrow 
intermediate portion. The basal end of the cilium 
next to this is bulbous. The bulbs of all the cilia 
lying together appear as a dark line ; on this follows 
a clear line corresponding to the narrow intermediate 
portions, and then the bases of the cilia form the 
shining border seen at the free end of the cell. 
From these bases fine threads can sometimes be 
seen continued into the protoplasm of the cell. 
These processes have been seen to coalesce into 
a single thread, which, passing by the nucleus, is 
continued into the deeper part of the cell. It is 
not very clear what the nature of these threads is ; 
they are neither contractile nor nervous (Engel- 
mann). 

During life the cilia are always in motion, and 
by this means a current is maintained over the sur- 
face of the membrane. The direction of this current 
is, in man, always towards the outlets of the body. 
The motion of the cilia consists in a rapid bending 
in one direction, followed by a slower movement 
in the opposite. These movements take place at 
each side of a line inclined to the axis of the cell 
in the direction of the more rapid movement, in 



EPITHELIUM AND ENDOTHELIUM. 45 

which direction the current is produced in the fluid 
above the cilia. The cilia in some cases bend at 
their bases, in others about their middle. When they 
come to rest they assume a position inclined to the 
surface in the direction of the more rapid bending 
(Ranvier). 

All the cilia do not move simultaneously, but the 
motion can be seen to move along from one cell to 
another in a wave. It is impossible to follow the 
movements of the individual cilia when the motion 
is active, but as the cell is dying, or exposed to in- 
fluences which affect the movements, these become 
slow, and can be readily studied. Acids stop the 
movements of the cilia, while weak alkalis favour 
them. If a current of carbonic acid, or of air im« 
pregnated with chloroform vapour, be passed over 
the cells, the cilia gradually cease to move, but begin 
again when fresh air is supplied. This experiment' 
may be repeated many times with the same prepa- 
ration. 

If the cells be examined on the warm stage, and 
gradually heated, the movements of the cilia are at 
first hastened, and then come to rest in strong 
flexion. If the temperature be not too high or long 
continued, the cilia will recommence their move- 
ments when it is lowered (heat tetanus) ; but if the 
high temperature be maintained or increased the 
arrest is permanent (heat rigor). The temperature 
at which these phenomena occur differs for diffierent 
classes of animals, and in general corresponds to 
that at which tetanus and rigor occur in the muscles. 
A very low temperature suspends the movements of 
the cilia. 

Between the ciliated cells, goblet cells are found 
in variable number, and do not differ from those 
already described. 

findothelimii. — Endothelial cells, although 
differing greatly in form and size in different places, 
resemble each other much more than do the different 
kinds of epithelium. They are always flat cells of 
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great thinness and delicacy. Each of them contains 
a flat nucleus, about which the cell is somewhat 
thickened, so as to have, when seen in profile, a 
spindle shape. The cells lie always in a single 
layer, meeting by their edges, and not overlapping. 
Their shape may be polygonal, as in the serous 
membranes ; very long and narrow, as in the blood- 
vessels ; or quite irregular, as in the smaller lym- 
phatic. The edges of neighbouring cells always 
accurately correspond, however uneven these edges 
may be. Between the cells there is a small quan- 
tity of an albuminous cementing substance, which 
reduces nitrate of silver, and in preparations treated 
with this reagent appears as fine black lines, mark* 
ing out the boundaries of the individual cells. 

In silver preparations there appear frequently be- 
tween the ordinary cells others, which are peculiar 
in being smaller and in having no nucleus. These 
are called Intercalated cells. 

In the serous membranes there are found open- 
ings between the endothelial plates. These are 
commonly surrounded by small cells, which are 
granular, and stain brown in silver. About these 
openings the ordinary endothelial cells are fre- 
quently arranged in a radiating manner. The open- 
ings are called stoinata. By means of these the 
Ijmiphatic vessels communicate with the serous cavi- 
ties. They are very numerous in some places, as on 
the peritonaeal aspect of the diaphragm, and on the 
membrane which forms the posterior wall of the 
abdomen in the frog (septum cystemae lymphaticae 
magnae). 

In some membranes, more particularly those which 
are not continuous, but retiform or fenestrated, as 
the omentum of the dog or guinea-pig, or the 
mediastinal pleura of the cat, there are found in 
places groups of cells, which are small, granular, lie 
in heaps, and stain deeply with silver. These patches 
are often of considerable size, so as to be readily 
visible to the naked eye, as white points or streaks. 
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The individual cells readily detach themselves, and 
are found free in the fluid of the cavity. This modi- 
fication of endothelial cells occurs much more ex- 
tensively when there has been chronic inflammation 
of the serous membrane. It is called germinat- 
ing endothelium (Klein). In some few instances 
endothelial cells have cilia. This is the case in the 
abdominal cavity of the female frog, more particu- 
larly at the breeding season. Among the ordinary 
endothelial cells are found tracts and patches of 
smaller cells which are ciliated. The currents pro- 
duced by the movements of the cilia are supposed to 
favour the passage of the ova towards the open 
mouth of the oviduct. In the peritonaeum of the 
male frog also ciliated endothelium exists, but less 
abimdantly than in the female. 

It is necessary in the practical study of epithelia to proceed in 
two ways : — 1°. To separate the cells one from the other, so 
that they may be seen from aU sides, and their shape and stnic- 
tm'e submitted to examination; 2°. To examine the cells in 
sitUf as they lie together, so as to make out their relations to 
each other and to the neighbouring parts. The first is accom- 
plished by methods of iso&tion ; the second by sections. It is 
the first only which will be attempted here : the sections will be 
made afterwards, when the organs to which the different epi<« 
thelia belong are under examination. 

If the surface of a fresh mucous membrane be gently scraped 
wtih a scalpel, there comes off a pulpy material wmch, when dif- 
fused in a drop of salt solution ana examined, will be found to 
consist mainly of epithelial cells. When these are of firm con- 
sistence and loosely attached, such a method is sufficient for their 
preparation. This is the case with the superficial cells of the 
compound squamous epithelia. 

I. Scrape lightly witn a penknife the inner side of the cheek. 
With a needle distribute a small quantity of the scraping in a 
drop of 0.5 per cent, salt solution on a slide, so that tnere may 
be no large adherent masses visible to the eye. Cover and exa- 
mine with the high power. Observe the flat ai^le-like eella, 
lying singly or in groups, in the latter case overlapping one 
another by their edges. Each cell is of transparent homoge- 
neous appearance, and has one small oval nucleus near its 
middle, sometimes two. About the nucleus are a number of 
coarse granules. The cell is frequently folded or wrinkled, and 
at the folds its extreme thinness can be seen. If the prepara- 
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tion be irrigated with magenta, and the excess of staining fluid 
then removed by irrigation with water, the cells are stained red, 
and the nucleus a much deeper red. 

These cells may be preserved permanently by diffusing the 
scraping of the cneek m a drop of i per cent, picrocarmine, 
covering, and allowing the preparation to lie in the moist cham- 
ber until the cells are stained — the nuclei pink, the cell itself 
yellow. Then a small drop of glycerine is placed at the edge of 
the cover-glass, and allowed to diffuse in gradually and mix with 
the picrocarmine. The excess of fluid is removed with filter- 
paper, the slide wiped clean, and the preparation sealed up in 
the usual way. 

In most cases, however, mere scraping of the fresh mucous 
membrane gives very imperfect results, because the cells are so 
soft and fragile, ana the cementing substance holding them to- 
gether is so firm, that in the scrapings only imperfectly sepa- 
rated and broken cells are got. It is advantageous, therefore, 
to submit the mucous membrane to some reagent which will 
increase the consistence of the cells, while it softens or dissolves 
the cementing substance. Such reagents are called maeerat- 
ing^ fluids. 

The following is a list of the more important and commonly 
used macerating fluids, and, approximately, the time they require 
to act : — 

1. Miiller's fluid (bichromate of potash 2}, sulphate of soda i, 
water 100), diluted with an equal part of water ; 24 hours to 
a week. 

2. Neutral chromate of ammonia, 5 per cent, solution; two or 
three days. 

3. Chiromic acid, i part in 10,000 water ; two or three days. 

4. Dilute alcohol (strong spirit i, water 2) ; 24 hours. 

5. Osmic acid (i part in 1000) ; one or two days. 

6. Iodine serum (the amniotic fluid of cow or sheep, got fresh, 
filtered, and iodine added to give a yellow colour. It must be 
kept in a cool place, and fresh iodine added as the colour fades) ; 
24 hours to two days. 

7. Caustic potash, 40 per cent, solution ; ten minutes to half 
an hour. 

Of these i and 4 are most generally useful for epithelia. 6 is 
most valuable for many purposes, but is difficult to get and to 
keep good. 7 requires special precautions, which will be ex- 
plained in another place. 2 is very useful for isolating the ele- 
ments of many glands : 3 and 5 for separating the elements of 
nerve centres. 

2. Place the tongue of a rabbit or guinea-pig in some ounces 
of diluted Miiller's fluid for about a week. The superficial 
homy scales come off readily en masse as a membrane. If the 
under surface of this membrane, or the surface of the tongue. 
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exposed after its removal, be scraped, a soft material is got, 
which can readily be diffused in a drop of water, and consists of 
the deeper cells of the eomponnd sqaanioas epl- 
tlielliUB. Observe the cells, polygonal and very irregular in 
shape, with ridges and depressions, and in favourable specimens 
witn very fine spines projecting from their surface. In young 
animals these cells nave frequently two nuclei. Permanent 
preparations may be made by first washing the macerated mem- 
brane for a considerable time in water, frequently changed until 
it ceases to take ap colour, then isolating the cells in picro- 
carmine, and proceeding as directed in i. 

3. Lay open the bladder of a recently killed mammalian 
animal, and place it in diluted Muller's fluid, or diluted alcohol, 
for two or three days. Scrape the surface : examine the scrap- 
ings in water. Observe the great variety in size and shape of 
the cells of the transitional epitheiinm. The large 
superficial cells are the most striking objects. They present 
themselves either in profile, when the deep concavities on their 
under surface, separated b]^ prominent ridges, will be seen ; or 
in face, when the ridges will appear as curved lines, becoming 
bright on raising the tube of the microscope bv the adjusting 
screw. There will also be found the long club-shaped cells, 
with their rounded ends, and their sides frequently indented by 
impressions of the third or small cells, which fit in between 
their deeper ends. Patches of epithelium will not unfrequently 
be found where all the layers of cells lie together retaining their 
natural relations. 

Permanent preparations as in 2. If alcohol has been used for 
maceration the staining can be effected at ono^. If MtLUer's 
fluid, the membrane must first be washed until 'the water is no 
longer coloured. 

4. Macerate in Miiller*s fluid or dilute alcohol for two or 
three days a portion of the small intestine of a frog or mammal. 
Scrape the surface, and diffuse the scrapings in water. The 
conical-sliaped cells are seen, each with an oval nucleus, 
and a shining thickened border, in which a fine striation may pos- 
sibly be detected with the high power. The lower end of the 
cell ma^ be pointed, branched, or continued into a beak. If the 
animal is Mlled during digestion the cells may contain fat drops. 
G-oblet cells may be found. Patches of cells not separated 
from one another often occur, and present their outer small ends 
to view. Observe the mosaic formed by these, interrupted now 
and then by round openings, the mouths of the goblet cells. 
On focussing for the surface no nuclei are visible, but on de- 
pressing the tube a nucleus is seen in each cell, and the openings 
corresponding to the goblets increase in size. This is due to the 
fact that the goblets are narrow at their openings, but swell out 
on a deeper pl^e. 

E 
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If the stomach be treated as above, almost all the cells will be 
found to be goblets. 

Permanent preparations of columnar epithelium macerated in 
alcohol, or Miiller's fluid, may be prepared as described under 
I and 2. 

5. Decapitate a frog just behind membrana tympani. Cut 
away the lower jaw and tongue. Slit open the nares, and place 
the nead in dilute Muller's fluid. Dissect out the oesophagus, 
slit it open, and place it also in the Miiller's fluid. The trachea 
of a recently killed rabbit or cat may be similarly treated. 
After a couple of days examine scrapings. In those from the 
mouth and oesophagus of the frog observe the conical cili- 
ated cells, broad above, with numerous long cilia ; the shining 
border under these, the oval nucleus, and generally pointed 
lower end. The goblet cells are very large and numerous. In 
very many cases the whole cell has assumed a spherical or oval 
shape, with a narrow opening above, the protoplasm, with the 
nucleus, forming a thin crescent at the lower part. 

In cells got from the nares of the frog the cilia are very long and 
distinct, and in good preparations the shining border can be seen 
to be made up of rods, each of which is attached by a narrow por- 
tion to a cilium, which is swollen into a bulb at the point of attach- 
ment. In very favourable specimens continuations from the cilia 
into the protoplasm of the cell can be seen. Mixed with ciliated 
and goblet cells are other cells of great length and different 
shapes. These belong to the olfactory epithelium, and will be 
described further on. 

In the mammalian trachea the cells are more slender, and 
carry fewer cilia than in the frog. The lower ends of the cells 
are frequently divided. The goblet cells are fewer and smaller 
than in the frog; and spindle-shaped, and small conical replace- 
ment cells are frequent. 

Permanent preparations as before. 

6. To see ciliary motion, scrape the palate of a recently 
killed frog, and with needles separate the product in 0.5 per 
cent, salt solution. Place a hair under the cover- glass, so as to 
keep pressure from the cells. These will for the most part not be 
completely separated, but will lie in groups. Some will have 
their ciliated surface turned upwards ; others will lie on their 
sides. The movement of the cuia will be at flrst rapid, but after 
a time will become slower, and finally cease, contmuing longer 
near the margin of the preparation than near the centre, where 
the cells are further removed from the oxygen of the air. 

If the thin free end of the tongue of tne frog be cut off, and 
carefully spread out on the slide, and covered in a drop of salt 
solution, tne ciliary motion of the cells along its border can be 
beautifully seen, the direction of the current being indicated by 
any free particles in the fluid, which are rapidly carried along 
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by the side of the preparation. Observe the wave-like character 
of the motion. 

The best object, however, on which to study ciliary motion is 
the gill of the oyster or mussel. The gill consists of lamellae 
placed one over the other, like the leaves of a book. Each 
lamella is marked by deep grooves running radially towards its 
free edge. The sides and surface of the projections bounding 
these grooves are covered by cells, whose cilia are so long that 
they can readily be seen witn quite a low power. 

Cut oflF a portion of one of the lamellae, and gently separate 
the linear projections with needles, touching them in as few 
places as possible. Put on the preparation a drop of the fluid 
which is contained in the shell of the animal, and examine with 
a low power (half to quarter inch), without applying a cover- 
glass. On the separated threads the motion of the cilia can be 
distinctly seen. Notice that the motion along the two sides of 
the same groove is in opposite directions — down one side, up the 
other. 

Put a few drops of chloroform in the bottom of a bottle whose 
cork is perforated by two glass tubes, to one of which a piece of 
India-rubber tubing is attached, and the other of which is bent, 
so that its end can be placed near the object under the micro- 
scope. Air blown through the bottle will emerge charged with 
ciilorofonn vapour. Blow gently through the India-rubber tube, 
having brought the opening of the other tube close to the un- 
covered object. In a few seconds the ciliary movement will 
become slow and cease, not everjrwhere at once, but irregularly 
over the preparation. When the motion has ceased, remove the 
chloroform bottle, and blow air on the slide. The movements 
will recommence at first here and there, and will soon become 
general. While the movement is slow its details can readily be 
followed. 

A similar stoppage can be produced by passing over the 
preparation a current of carbomc acid, the movement recom- 
mencing when air is again supplied. 

Having studied these phenomena on an uncovered prepara- 
tion, apply a cover-glass, and examine with a high power. 

Pieces of apparatus are made by which gases can be applied 
to microscopic objects while they are under examination by the 
highest powers, and are, of course, covered by a cover-glass. 
Such instruments are called gas chambers^ and are indispensable 
for many purposes. The above arrangement is, however, quite 
sufficient for the needs of a beginner. 

The effects of heat on ciliary motion can be studied only on a 
warm stage. 

7. Endothelium is usually studied by what is called the 
•llTer method. This gives admirable results, but requires a 
good deal of care in its appHcation. The following description 

£ 2 
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applies only to the serous membranes. The methods for the 
blood-vessels, lymphatics, &c., will be subsequently given. 

Suppose the omentum is to be prepared. The animal is killed 
by haemorrhage, the abdomen opened, the omentum carefully 
raised by forceps, cut off from the stomach with sharp scissors, 
and transferred at once to a large capsule containing a solu- 
tion of nitrate of silver of the strength of one-half per cent. The 
membrane is moved about gently in this fluid, so as to be eveiy- 
where completely wetted by it. It soon assumes an opaque milky 
appearance, which shows that the silver has acted sufnciently. It 
is then removed to a vessel containmg distilled water, in which it 
is moved about, so as to remove any silver solution adhering to 
it. It is then transferred to fresh water, if it is to be immedi- 
ately mounted, or to spirit if it is to be kept, and exposed to the 
light in one or other of these fluids. It soon becomes brown, 
and is then fit for mounting, and must not be furdier exposed to 
light. If such a silvered membrane be kept in water the cells 
fall off, but it keeps indefinitely in spirit. 

Before describing the method of mounting we shall give the 
plan to be followed in preparing the mesentery of a cat or 
rabbit, and the serous membranes of the frog. The abdomen of 
the cat or rabbit, which has been killed by haemorrhage, is 
opened, and the intestines are gently separated, so as to expose 
the fold of mesentery corresponding to a loop of intestine. The 
mesentery is stretched evenly over the edge of a small capsule, 
and if there be fluid, blood, or other impurity adhering to its 
surface, it is washed with a very gentle stream of distilled water. 
There is then poured over it the solution of nitrate of silver 
until it becomes milky. It is then washed again with distilled 
water,, and cut away carefully a little outside the edge of the 
capsule. The membrane is then floated off the capsule into dis- 
tilled water or spirit, and exposed to the light until it becomes 
brown. 

In th^ case of the frog, the animal is decapitated, the spinal 
cord destroyed, and the bleeding from the divided vessels of the 
.neck encouraged by gentle pressure on the sternum. When all 
haemorrhage has ceased, the skin along the front of the body is 
divided in the middle line, the sternum removed, and the abdo- 
men laid open to the pubis. The intestine is turned over to one 
side, and tnere is seen at the back of the abdomen a fine trans- 
parent membrane covering over the front of the spinal column 
with the aorta and sympathetic nerves, and separating from the 
abdomen a large space, the cistema lymphatica magna. The 
membrane is called the septum cistema lym^pkatica magncs. 
With fine scissors this membrane is separated along its outer 
edge, from the abdominal wall, from below upwards, first on 
one side, then on the other. The two incisions are then united 
below, dividing the lower part of the intestine. The flap thus 
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fonned is drawn forwards, and everything holding it to the 
trunk of the animal is severed by scissors, and thus the mem- 
brane, with all the viscera of the pleuro-peritonseal cavity, are 
removed together. The whole mass is placed in a capsule con- 
taining one-half per cent, silver solution, and moved freely about 
until Sie serous surfaces become milky ; then washed in mstilled 
water, and transferred to fresh water. While floating in this, 
the portions required for examination are cut off with sharp 
scissors, and transferred to water or spirit, and exposed to the 
light. The parts that should be removed are the septum on 
both sides, the mesentery, the mesogastrium, the pericardium, 
and in a female the mesentery of the oviducts. In all manipula- 
tions with serous membranes the utmost care must be taken to 
have the surface clean before the silver is applied, and to avoid 
touching, or rubbing, or any other form of mechanical violence, 
by which the cells are readily detached. 

In order to mount as a permanent object a piece of silvered 
serous membrane the following method should be adopted : — 

While the object is in the spirit or water in which it has 
undergone the action of light, a piece of the membrane of suit- 
able size to fit under the cover- glass is cut off with sharp 
scissors, and transferred to a saucer containing clean water. 
The piece selected should be thin, and should not contain 
masses of fat or large blood-vessels. It should also be borne in 
mind that, when the membrane is fullv spread on the slide, it will 
be much larger than it appears as it floats in a partially collapsed 
condition. 

A clean slide is now dipped into the water in the saucer, and 
with a needle the piece of membrane is floated into the right 
position in the middle of the glass, and removed from the water 
on the slide in a partially spread-out condition, that is, not folded 
an3rwhere on itself. The slide is now wiped dry, and all excess of 
water is removed from about the object with filter-paper until the 
piece of membrane is no longer wet, but only sodden, in which 
state it adheres slightly to the glass. By a few touches of the 
needle applied at the edges, the membrane can now be tensely 
and evenly spread. If during this process it tends to become 
too dry, it can be kept moist by breathing on it. When it is 
stretched free from every crease or wrinkle a drop of glycerine 
is placed on a cover-glass. This is inverted, and gently applied 
to the object, which, if it have been brought to the right degree 
of dryness previously, will not collapse, or change its position 
on the slide. Two pieces of filter-paper are now applied at oppo- 
site edges of the cover-glass, to remove the excess of glycerine. 
Enough has been taken away when the cover-glass is found to 
adhere to the slide when touched gently with a needle. Too much 
glycerine must not be taken away lest air should enter ; and 
besides, the removal of too much glycerine favours the running in 
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of the cement. On the other hand, if enough be not removed, the 
cover-glass is veiy apt to become displaced while the cement is 
being applied. After removal of the glycerine, the slide must be 
wiped quite dry with a handkerchief up to the edge of the cover- 
glass, for cement will not stick to a wet surface. For the same 
reason the utmost care must be taken not to allow glycerine to 
get on the upper surface of the cover- glass. If this accident should 
occur, the best course is to put the slide back into water, and 
remove the cover-glass under the fluid, and begin the whole 
process over again. If, however, the slide has been cleaned 
successfully, a layer of cement is pamted around the edge of the 
cover-glass, and the preparation is complete. 

Various cements are in use. Of these, a solution of Canada! 
balsam in benzole is frequently employed. The balsam before 
solution should be heated for some time on a sand bath, so as to 
drive off all the turpentine. On cooHng, the balsam is hard and 
brittle. The solution dries rapidly. -£i excellent white cement 
is made by rubbing up oxide of zinc with a small quantity of 
drying oil, and adding a solution of gum dammar in benzole, 
mixing the ingredients very thoroughly (Richardson). Gold 
size, Brunswick black, and many other substances are used for 
sealing up preparations, and cements of all colours may be 
bought, and serve to increase the beauty of microscopic prepa- 
rations. 

In all cases the cement should be appKed with a fine camePs- 
hair brush, with a light and steady hand. A thin layer only 
should be put on first, and when tnis is dry a second or third 
coat may be added. The cement should extend about one- 
eighth of an inch over the edge of the cover-glass, and about the 
same distance about it on the sHde. 

If round cover-glasses are used, the cementing is best effected 
by means of a whirling table. This is a circular disc of flat 
metal, which rotates in a horizontal plane. The object is fixed 
on the disc by clips, so that the centre of the cover-glass is 
immediately over tne centre of rotation. Then, while the disc 
is made to rotate, the brush is applied to the edge of the cover- 
glass, which is carried round, and receives an even layer of the 
cement. 

Instead of glycerine, Farrant*s solution may be used as a 
mounting fluid. It consists of a thick solution of gum, to which 
are added some glycerine and arsenious acid. It is employed in 
the same way as glycerine, but the preparation is not sealed up 
for a day or two. By this time the gum has hardened around 
the edge of the preparation, and there is no risk of the cover- 
glass moving, or of the cement running in. 

In the preparation mounted according to these directions, 
observe the fine black lines enclosing spaces of variable form and 
size. The lines are the cementing substance ; the clear spaces 
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are the endothelial cells. In general no nuclei are visible, 
but sometimes, when the silver has acted very strongly, the 
cells are stained brown, and the nucleus appears as a clear un- 
stained round or oval spot. After the silvering, however, the 
nuclei of the cells may be stained in logwood or picrocarmine. 
The membrane is then washed and mounted as above. 

Observe the stomata, with their small bounding cells, and 
larger flat cells radiallv placed, particularly well seen on the 
abdominal surface of tne septum cistemcs lymphxitica. 

Preparations should be examined of the silvered omentum of 
the dog or guinea-pig, or of the mediastinal pleura of the cat or 
dog. These membranes are not continuous, but form a very 
open network. The endothelial cells can be seen lapping round 
the trabecula; of the network, and if the nuclei are stained they 
can frequently be seen in profile, as spindle-shaped bodies lying 
on the sides of the trabeculse. In these fenestrated membranes 
patches of germinating endothelium will often be met. 

When examining thin membranes, covered on both surfaces 
by endothelium, either surface may be brought into view by 
altering the focus. Such an appearance must not be taken as 
indicating two layers of endothehal cells lying immediately one 
over the other. The two layers of cells are really separated by 
the thickness of the membrane. 

Ciliated endothelium appears in silver preparations as irregu- 
lar tracts or patches of cells smaller than those about them, and 
covered with minute points, which are the ends of the cilia. To 
gee the cilia in motion, portions of the fresh membrane must be 
carefully spread on the slide in a drop of salt solution, and the 
cover-glass must be prevented from pressing on the cells by 
supporting it at the edges with little fragments of thin glass. 
The wavy motion of the cilia will then be seen. 
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CHAPTER V. 

CONNECTIVE TISSUES. 

The tissues belonging to this great class, although 
differing in many respects from one another, yet 
present so many points of agreement as to make 
their grouping very natural. They all arise from the 
middle germinal layer of the embryo. They replace 
one another not only in the corresponding parts of 
different animals, but also in the same animal at 
different stages of its development. They all consist 
of cells and of intercellular substance, and the inter- 
cellular substance is the most prominent and charac- 
teristic constituent of each tissue. These connective 
tissues are further of interest from their close rela- 
tionship with the lymphatic system, and from the 
fact that it is in them that many morbid processes 
arise and run their course. 

The following is a list of the connectlTe 
tissues: — i. Mucous tissue; 2. White fibrous and 
yellow elastic tissues, which are always mixed, al- 
though in very variable proportions, so as really to 
constitute but one tissue. When * connective tissue' 
is commonly spoken of it means this compound 
tissue. 3. Adipose tissue; 4. Cartilage, of which 
there are several varieties; 5. Bone; 6. Dentine; 
7. The tissue of the cornea; 8. Retiform, or adenoid 
tissue; 9. Neuroglia, or the connective tissue of the 
nerve-centres and retina. 

Dentine occurs only in the teeth, and will be 
described with these organs. The cornea will be 
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described with the eye; adenoid tissue with the lym- 
phatic glands; and neuroglia with the nerve-centres. 
The other connective tissues will be described in this 
place. 

1. Muceus Tissue. — This is, in the case of the 
higher animals, essentially a foetal tissue, occurring 
during early life in those parts where fatty and con- 
nective tissue exist subsequently. In the mature 
animal it exists only in the vitreous humour of the 
eye, and here in a modified form. In some of the 
lower animals, however, it persists, and in men it is 
not unfrequently met with as a pathological product 
in the class of tumours known as myxomata. 

Mucous tissue consists, in its purest form, of 
spindle-shaped and stellate cells, which anastomose 
and form a network. The meshes of this are occu- 
pied by a fluid intercellular substance, which is of a 
stringy, viscid consistence, and contains a large quan- 
tity of mucin, shown by its giving a precipitate in 
agetic acid, not soluble in excess of the reagent. 
Lying in this fluid are a variable number of round 
cells, which perform amoeboid movements. 

The tissue is not easy to obtain in this form, for 
at a very early period fibres appear between the 
cells, and, multiplying more and more, take the 
place of the mucinous fluid, the characters of the 
tissue changing to those of ordinary connective 
tissue. 

In the young embryo the Whartonian jelly of the 
umbilical cord is almost pure mucous tissue, while 
at birth it has quite lost this character, and consists 
of fibrous bundles, with large flat cells lying on their 
surface, although the fluid which fills the interstices 
of these bundles still contains much mucin. 

2. GonnectlTe Tissue. — This consists of two tis- 
sues, which are so constantly met with in connexion, 
that they may be considered together. These are 
white fibrous and yellow elastic tissues. Connective 
tissue is the most widely distributed tissue in the body. 
It forms the skin and serous membranes, many mu- 
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cous membranes, fasciae, ligaments, tendons. It fonns 
the areolar tissue which lies under the skin, between 
muscles and around blood-vessels and nerves. It 
forms, further, the capsules of the viscera, and 
enters into their interior, binding the parts together, 
while it at the same time separates them. In all 
these parts the tissue is the same, although there is 
considerable variety in the arrangement of the ele- 
ments. 

Hrhlte fibrous tissiie consists of cells and 
of intercellular substance. The latter is fibrous. 
The fibres are extremely fine, of soft silky appear- 
ance, and comparatively low refractive power. They 
sometimes occur singly, felted together more or less 
closely, but generally are associated in bundles, of 
which all the fibres run parallel to one another, not 
branching or anastomosing. These bundles of fibres 
commonly are seen to pursue an undulating course 
through the field of the microscope. When treated 
with acetic acid the fibres of white fibrous tissue 
swell up, and become transparent, assuming a glassy 
homogeneous appearance. They yield gelatine on 
being boiled. 

The fibres of yellow elastic tissue never run 
in bundles. They are of all degrees of fineness, 
from threads scarcely visible with a high power to 
very coarse fibres. They almost always branch and 
anastomose very freely, so as to form a more or less 
open network. They have a peculiarly hard outline, 
owing to their high refractive power. They break 
with a sharp fracture, and the broken ends have a 
tendency to curl up. They are completely unacted 
on by acetic acid, and by this reagent they may be 
always readily detected among the bundles of white 
fibrous tissue. When boiled, they yield not gelatine, 
but elastine. 

White fibrous and yellow elastic tissue occur mixed 
together in very variable proportions. In some few 
places, as the ligamentum nuchae, the ligamenta 
subfiava, and some of the ligaments of the larynx, 



CONNECTIVE TISSUES. 59 

the yellow elastic tissue preponderates, but in most 
places as tendons, fasciae, &c.: the white fibrous 
tissue exists in by far the larger proportion. 
The cells of connec^Te tissue are for the 

most part flattened bodies, each containing a nu- 
cleus, about which the cell is thickened, but at the 
margins runs out into an exceedingly thin film. From 
the surfaces of these cells there frequently project 
wing-like processes. When seen from their edges, 
the cells are spindle-shaped or stellate. They lie 
usually on the outside of the bundles of white fibrous 
tissue. Besides these fiat cells, whose positions are 
unalterable, there are found others, which resemble 
the white corpuscles of the blood, and which do not 
remain fixed in one part of the tissue, but move 
about from place to place, and hence are called 
^randerinip cells. Connective tissue cells of a 
third variety occur. They are large, and more 
coarsely granular than the wandering cells, and of 
variable shape. They are found in many places, 
and lie chiefiy close along by the sides of the blood- 
vessels. They have been called plasma cells 
(Waldeyer).* In some parts the connective tissue 
cells contain pigment. In frogs such plipment 
cells are to be found everywhere. They are usually 
branched, and form very beautiful objects. In the 
higher animals they are not so common, but occur 
in the choroid coat of the eye, the pia mater of the 
medulla oblongata, and a few other places. 

Connective tissue will now be described as it 
occurs — I, in tendon; 2, in a serous membrane; 
3, in the so-called formless connective tissue or 
areolar tissue. 

In tendon the fibres of white fibrous tissue all 
run in bundles, and the bundles in general run paral- 
lel to one another. The bundles are cylindrical, or 

* It is probable that different species of cells have been 
grouped together under the term plasma cells. One of these is 
distinguished by the intense colour which the granules assume 
in certain aniline dyes (Ehrlich). 
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may have their sides slightly flattened by mutual 
pressure. The cells are flat, and lie with great regu- 
larity in rows on the outside of the bundles. Each 
cell is somewhat quadrilateral in shape. Extending 
down the middle of it, parallel to the direction of 
the fibrous bundles, is a thickened part, at one end 
of which is contained the round or oval nucleus. 
Extending laterally, the cell thins out very much, and 
terminates by a jagged border. The cell is lapped 
around the bundle, but is not large enough to reach 
the whole way round. The cells of each row are 
separated from one another by very slight intervals, 
which are often disposed obliquely to the direction 
of the fibres. The nucleus of the cell lies, as stated, 
near the edge, and as a rule the nuclei of every pair 
of cells lie close to one another, one at each side of 
the separating interval, so that there are alternately 
an interval with two nuclei and one without any. 
From the convex surface of the cells extend one or 
more ridges, which fit in between, neighbouring 
bundles. It is probable that the rows of cells do 
not lie in immediate apposition with the bundles of 
fibres, but that each of these is enclosed in a homo- 
geneous sheath, and that the cells lie in spaces in 
a soft cementing substance outside this. There is. 
only a small quantity of elastic tissue in tendons. 
It occurs as fine threads among the white fibres in 
the bundles. If the tendon is small it contains no 
vessels ; if large, vessels extend into it, accompanied 
by more or less formless connective tissue. The 
whole tendon is enclosed in a firm sheath, which is 
covered by a regular endothelium. 

In some membranes the fibrous bundles are 
arranged with great regularity, and cross each other 
at right angles. In such cases the cells are seen to 
have ridges not only in one direction, as in tendon, 
but in two planes at right angles to one another. 
This shows clearly that the ridges are determined 
by the fibrous bundles, which mould by their pres- 
sure the soft protoplasm of the cells (Ranvier). 
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In the serous membranes, however, the bundles 
are not so regularly placed. 

Some membranes are fenestrated, or consist of a 
fibrous network, with wide meshes. This is the case 
in the human omentum and in that of many animals. 
The bands which form the network are of very differ- 
ent breadth. The narrower consist of a single bundle 
of fibres ; the thicker of several bundles lying together, 
and enclose also blood-vessels, lymphatics, and fat. 
The entire network is covered by endothelial cells, 
and except this endothelial sheath, the smaller bands 
possess no cells. In the larger bands, however, be- 
sides the general coating of endothelium, there are 
flat cells lying between the fibrous bundles, and ap- 
pearing generally as spindle-shaped bodies, since they 
are seen in profile. 

In a continuous membrane, such as the mesen- 
tery, in which there are no holes, the bundles are 
very closely felted together, and generally appear 
running a wavy course in all directions, and inter- 
lacing with each other. Filling up the intervals 
between the bundles is a homogeneous material, 
probably an albuminous cementing substance, but 
capable of distension when the membrane is forcibly 
stretched. The elastic tissue exists in variable quan- 
tity, as a network of very fine threads, which branch 
and anastomose freely. In preparations treated with 
acetic acid or dilute alkali, or suitably stained, they 
are very distinct ; but even in fresh preparations they 
are readily distinguished by their hard outline, their 
rectilinear course, and their branching, from the soft 
silky-looking bundles of white fibrous tissue. It will 
generally be found, on careful focussing, that the 
elastic network lies nearer to the surface than the 
bulk of the white fibrous tissue. 

The membrane is covered with endothelium ; but, 
besides this, other cells are found — some which lie 
flat on the surface of the membrane under the endo- 
thelium, and others which lie between the bundles 
and partially embrace them. The cells, are, how- 
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ever, not so numerous as in tendon, nor have they so 
regular an arrangement. 

The formless conneetlTe tissue exists in larg- 
est quantity beneath the skin, as the subcutaneous 
areolar tissue. It consists of bundles of white fibrous 
tissue, which run in all directions, and interlace with 
one another. The spaces, or areolae between the 
bundles, are capable of considerable distension, and 
communicate freely with one another, as is familiarly 
shown by the extension over the body of an emphy- 
sema when the lung has been wounded, or by the 
movements of a dropsical effusion, so as to occupy 
always the most dependent parts. 

When the bundles are treated with dilute acetic 
acid they swell, and are seen to be constricted at 
intervals by threads, which either surround them 
annularly, or are twisted about them in a spiral. It 
is probable that each bundle is enclosed in a sheath, 
which is strengthened by these thread-like struc- 
tures. There is some doubt as to the nature of the 
constricting threads. They were at first described 
as elastic tissue, and are commonly still so con- 
sidered ; but the fact that they stain red in picro- 
carmine is against this view, for elastic tissue stains 
yellow in this reagent (Ranvier). They are very well 
seen on the bundles of the subarachnoid tissue from 
the base of the brain, and here it can sometimes be 
distinctly seen that the bundle is embraced by a flat 
cell at the point of constriction. 

Elastic tissue is abundant in formless connective 
tissue, and occurs in the shape of fine threads, which 
usually pursue a very tortuous course in the prepara- 
tions, being twisted into loops, spirals, or convolu- 
tions. In the tissue, before removal, however, they 
run a straight course, and only twist when they are 
divided, just as an India-rubber thread does when it 
is snapped. They branch more or less freely, and 
anastomose. With a little care they may be seen in 
fresh tissue, but they are more distinct after the 
action of acetic acid or potash. The cells here also 



CONNECTIVE TISSUES. 63 

are flat endothelial plates, and lie on the outsides of 
the bundles. Several cells frequently cohere by 
their edges, so as to form membranous structures, 
which are stretched between the fibrous bundles 
(Key and Retzius). They are very readily detached 
from their natural position, and hence in prepara- 
tions are usually found lying isolated. In conse- 
quence also of their extreme thinness and delicacy 
they are very apt to undergo injury, and to appear 
as spindle-shaped or irregularly shrivelled bodies, 
instead of presenting their normal form. 

Amoeboid wandering cells are met with in variable 
number, and in places plasma cells. 

III. Adipose tissue consists of cells which lie 
close together, and each of which contains one or 
more drops of fat. In the fully developed adipose cells 
the fat drop is so large that the whole cell is swollen 
to a spherical mass, the nucleus flattened and pushed 
to one side, and the protoplasm distended, so as to 
form a thin coating of the globule of fat. These fat 
cells lie in groups, each group being separated from 
its neighbours by a small quantity of connective 
tissue. It is these little groups of fat cells which 
give to adipose tissue its granular appearance when 
examined with the naked eye or with a lens. Adi- 
' pose tissue is very abundantly supplied with blood* 
vessels, almost every fat cell being surrounded by a 
capillary loop. In this it contrasts much with con- 
nective tissue, which is very poor in vessels. 

Adipose tissue is continually undergoing forma- 
tion and atrophy in the bodies even of adult animals. 
It is still a question whether the fat is formed in the 
interior of ordinary flat connective tissue cells, or 
whether there are certain special cells whose destiny 
it is to become adipose tissue, and which can alone 
undergo this development. The latter view is, how- 
ever, by far the more probable. The cells which 
subsequently become those of adipose tissue appear 
at first as polygonal, coarsely granular bodies, lying 
generally in masses in the neighbourhood of blood- 
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vessels. In the interior of each cell there appears at 
first one or often several droplets of fat : these en- 
large, and finally coalesce. At first the protoplasm 
and nucleus can be easily seen, but at last, as the fat 
drop increases, these are pushed aside, and can be 
seen only with difficulty, and when the cell lies in a 
suitable position. When fat is undergoing atrophy 
the oil drops in the cells diminish in size, and the 
space around them is occupied by a serous fluid. 
The fat assumes a yellow colour, and the single fat 
drop often divides into several smaller ones. At the 
same time a remarkable change is frequently ob- 
served in the nucleus, which proliferates until there 
are sometimes a dozen or more nuclei in a single 
cell. What the fate of these nuclei is, is not clear. 
There is some reason to believe that each of them 
surrounds itself with a layer of protoplasm, and, 
being set free, becomes an independent cell. 

In young animals the characteristic arrangement 
of blood-vessels exists in the masses of cells about to 
form adipose tissue before any fat has been formed 
in the interior of the cells. 

Hacoas Tissue : 

1. A small fragment of subcutaneous tissue from a young 
foetus of man or other mammal is separated very gently in a 
drop of salt solution, covered and examined. If a permanent 
^preparation be desired, the tissue should be torn up in picro- 
carmine, covered, and placed in the moist chamber. In a short 
time the staining will be eflfected, when glycerine may be 
allowed to run in under the cover-glass, and take the place of 
the picrocarmine. Observe the fasiform and stellate anasto- 
mosing cells ; the homogeneous intercellular substance, in which 
round cells l^e white blood corpuscles, and some fibres, may be 
seen. If the preparation in salt solution be irrigated with acetic 
acid it will be seen to grow white and opaque, and the micro- 
scope will show a granular precipitate of mucin in the inter- 
cellular fluid. 

2. The umbilical cord should, if possible, be examined from 
foetuses of different ages. It should be hardened in Miiller's 
fluid and alcohol. Sections, best made by freezing, should be 
stained in picrocarmine or logwood, and examined in glyce- 
rine. If necessary they may be torn up. As the age of the 
foetus increases, the cells will be seen to be less fusiform and 
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plnmp, • and to become flattened scales, which, however, still 
anastomose with one another by processes. 
Formless ConnectlYe Tissue : 

3. Turn back a flap of skin from a recently killed rabbit. In 
this animal the subcutaneous tissue is free from fat. From the 
deep surface of the skin pinch up with forceps a fragment of the 
areolar tissue, and cut it off with scissors. Place the fragment 
dry on the slide, and spread it out with needles in as thin a 
layer as possible. There will be no difficulty in this, as the 
morsel of tissue will adhere to the glass; but it must not be 
allowed to get altogether dry; and in order to prevent this it 
should be breathed on frequently. When it is spread out, place 
a small drop of salt solution in the centre of the cover-glass, and 
apply this quickly to the object, so as to prevent the tissue from 
contracting. Examine with a high power. The bundles of 
white fibrous tissue will be seen running in different directions 
over the field. Observe their wavy course, their fibrous struc- 
ture, and their soft silky appearance. Try to distinguish the 
elastic threads, fine branching filaments, of hard outline, often 
bent or curled at their broken ends. There may be seen, here 
and there, an oval nucleus of a connective tissue cell, and by 
careful observation the protoplasm may be seen about it. 

Irrigate this preparation first with magenta, then with water. 
If the magenta runs round the preparation, and stains only its 
edge, it may be necessary to raise the cover-glass. This should 
be done cautiously with the point of a needle, and care must be 
taken that the fragment of tissue does not contract. The 
magenta will stain the nuclei, and make them and the cells 
more distinct. It will stain the elastic tissue deeply ; the white 
fibrous bundles much less. 

4. Make a fresh preparation of the subcutaneous tissue as in 
the last exercise. Irrigate with one per cent, acetic acid. The 
white fibrous bundles will swell up and become transparent, and 
all trace of fibrillation will disappear ; the elastic tissue will be 
unacted on ; the nuclei of the cells will become more distinct. 
As the acid acts at first only at the margins of the preparation, 
it will be possible to see, often in the same field, the tissue be- 
fore and after the action of the reagent. Try to see constric- 
tions on the white fibrous bundles. 

5. For more accurate study of this tissue the method of 
artificial oedema should be employed. By this the bundles are 
separated from one another while their continuity is still un- 
broken. Turn down a flap of skin ; insert obliquely into the 
subcutaneous tissue on its deep surface the cannula of a hypo- 
dermic syringe, and slowly inject salt solution. A hemisphencal 
projection forms about the end of the cannula, and, owing to the 
condensation of the tissue around it, the fluid does not spread at 
once diffusely. "With flat scissors cut off the top of the projec- 
tion, and its interior will be seen to consist of a gelatinous mass, 

F 
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composed of the bundles of the tissne with the injected fluid 
lying between them. Cut off a small piece of this jelly with 
sharp scissors, and place it on a sUde, and cover at once. Both 
slide and cover-glass must be ready, as it is essential that the 
proceeding be carried out rapidly, before the elements of the 
tissue run together. In this preparation the appearances will be 
as in 3, but the elements, particulaiiy the cells, will be much 
better preserved. Try to see the cells, some in face, appearing 
as flat bodies ; others on edge, as spindle-shaped figures. In 
such a preparation picrocarmine may be substituted for the salt 
solution, by drawing out the latter with filter-paper at one edge 
of the cover-glass, while from the opposite tne colouring fluid 
is dlowed to run in. When the staining is effected, a Srop of 
glycerine containing one per cent, formic acid may be substi- 
tuted for the picrocarmine, and the preparation may be sealed. 
Or the artificial oedema may be made with picrocarmine, 
instead of with salt solution. Or with some fluid which sets the 
tissue at the same time it separates its parts, as half per cent, 
solution of osmic acid. In this latter case so much haste in 
making the preparation is not necessary as when salt solution 
is used, since the tissue, after the action of osmic acid, has lost 
its retractility. The tissue mav be mounted in a drop of 
picrocarmine, and be placed in tne moist chamber for twenty- 
four hours, when glycerine may be substituted for the picro- 
carmine, and the preparation sealed up. 

6. Tsdce a small tragment of the subarachnoid tissue firom the 
middle subarachnoid space at the base of the human brain. 
Place it in a watch-glass with picrocarmine for some hours until 
it is well stained ; then gently separate on a slide some of the 
fibrous bundles, and place on them a drop of one per cent, acetie 
add ; remove the acid with filter-paper, and mount in glyce- 
rine. Observe the annular and spiral constrictions, with the 
swelling of the, now homogeneous, bundles between. Try to 
find places where cells lie on the outside of the bundles, and 
embrace them by their processes. 

Tendon s 

7. In the tails of rats, and, still better, of mice, tendons exist 
in large numbers and of great length, and so thin that they may 
be examined without any preparation. 

From a recently killed mouse cut off the tail and skin it ; 
pinch off the last joint with a forceps, and gently draw it away 
from the remainder of the tail. Adhering to the separated joint 
there will come away a number of extremely fine white shining 
threads, as long as the tail itself. Each of these threads is a 
complete tendon. By pinching ofi* each joint in succession any 
required quantity of these threads may be got. The nearer the 
joint is to the body of the animal the shorter, of course, are the 
tendons attached to it. The tendons, owing to their great thin- 
ness, dry very rapidly. Consequently, as each lash of tendon 
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is withdrawn, it should be plunged into a vessel of salt solu- 
tion. 

Cut off half an inch or so of one of the threads, and place it 
on a slide ; cover in salt solution, and eiuunine. Great care 
must be taken that the tendon does not get twisted on its long 
axis, which would completely destroy its natural appearance. 
It is best to place the piece of tissue on the slide in a large drop 
of salt solution, and allow it to settle itself, and then take away 
the excess of fluid with filter-paper. Do not compress the pre- 
paration with the cover-glass. 

Observe the fibrous structure, the fibres all running parallel, 
and pursuing generally a wavy course ; the division into bundles 
of nearly equal size by dark lines, in which may be seen indica- 
tions of the tendon cells, as rows of elongated granular bodies. 

Irrigate with acetic acid. The bundles sweU, become per- 
fectly transparent and homogeneous, and in the interspaces tnere 
appear rows of long spindle-shaped nuclei, aroand each of which 
there may be seen the oblong granular mass of protoplasm, 
forming the thicker central part of the cell. A very few long 
and very fine elastic fibres may be noticed. 

8. Take a piece of the fresh tendon from the salt solution, 
hold it by one end in the forceps, and dip it into dilute acetic 
acid until it loses its lustre, and appears glassy and transparent. 
The change can readily be seen with the naked eye, and 
requires o^y a few seconds for its completion. Then withdraw 
the tendon from the acid, wash freely in water, and place it in 
a watch-glass containing filtered logwood for about an hour. 
Then wash in water, place on the slide, and very sUghtly sepa- 
rate the bundles from one another with needles. In doing this 
the tendon should not be torn up, but slightly widened, and the 
needles should be applied to as few points as possible. Cover 
in a drop of glycerine, and very gently press on the cover- glass 
with the nee&, so as somewhat more to flatten the preparation. 
The tendon cells are stained blue, while the fibrous bundles are 
unstained. The acid has, however, made them so transparent 
that the different rows of tendon cells can readily be seen by 
altering the focus. These rows of cells will present themselves, 
some in profile, others in face, and in all intermediate positions. 
On those cells which present their surface to view there may be 
seen one or more dark lines continued all along the row. Tnese 
are the ridges which project from the convex surfaces of the 
cells, and fit in between neighbouring bundles. In some parts 
of the preparation the needle will have displaced the cells alto- 
gether from their natural position. In some of these dislocated 
cells the shape and structure may be very well seen; the 
thickened centre in which the nucleus is situated ; the peripheral 
wing-like expansions, and the ridges projecting from the central 
part. This preparation may, if successful, be sealed up. 

Pieces of tendon stained m picrocarmine, treated with strong 

F2 
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acetic acid, and mounted in glycerine, also give instructive pre- 
parations. 

9. Take a piece of tendon immediately it is removed from the 
animal, dip it into half per cent, nitrate of silver solution for 
two or three minutes, wash in distilled water, and expose to the 
light. When brown, mount in glycerine. The surface of the 
tendon will be seen covered by a large and regular endothelium, 
similar to that seen on the serous membranes. 

10. Take a piece of fresh tendon, dip it into nitrate of silver 
for a few minutes, then remove it to distilled water ; hold it by 
one end with forceps, and with a camePs-hair pencil brush it 
strongly in length, and return it to the silver for five minutes 
more ; then wash it in water, and expose it to the light, and 
when brown mount it in glycerine. The endotheliimi will have 
been removed by the brushing, but there will be seen, on a 
brown ground, rows of oblong or irregular figures unstained, 
and which communicate with one another by fine clear lines. 
The white figures are the spaces in which the rows of tendon 
cells lie. We shall return to this when speaking of the origin 
of the lymphatics. 9 and 10 may be mounted permanently. 

11. In order to get a cross section of tendon it is best to cut 
the entire tail. The appearances are most distinct after staining 
in chlcride of gold. Pieces of the fresh tail about half an inch 
long, a^nd skinned, are placed in half per cent, solution of chloride 
of gold for an hour, then washed in distilled water, and exposed 
to the light in water slightly acidulated with acetic acid, until 
they become of a piuple colour. They are then placed for some 
hours in a fluid composed of chromic acid, one-half: nitric acid, 
one ; water, one hundred, until the bones are decalcified, which 
is accomplished when a needle can be passed through the bone 
without meeting any grit. They are then washed free of acid, 
and placed in sdcohol. Cross sections are made by the method 
whicn will be described in the next chapter, and mounted in 
glycerine. Surrounding the bone the tendons are seen, each 
enclosed in its sheath. Each tendon is marked by a number of 
stellate anastomosing figures of a purple colour. These are the 
sheaths of the tendon bundles, which send processes, partly 
lamellar, partly thread-like, into the interior of the bundles. 
In the thickened parts of these figures, that is, between the 
bundles, there may sometimes be seen the nuclei of the tendon 
cells, which lie on the outside of the sheaths. The bone, nerves,* 
muscles, and other structures, which make such sections very 
instructive, may be neglected for the present. Long sections of 
the tail may be made also. The tendons are now cut in length, 
and the rows of tendon ceUs are seen. They have a purple 
colour, while their nuclei are unstained. 

12. In order to isolate the fibres of which the connective 
tissue bundle is composed, it is necessary to employ some 
chemical reagent which will dissolve the cementing substance 
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which holds the fibres together. A tendon from the tail of a 
mouse is placed for twenty-four hours in a saturated watery 
solution of picric acid, and then torn up with needles on the 
slide. The fibres are so exceedingly fine that they are difficult 
to see when immersed in fluid. They are, therefore, best ex- 
amined after they have dried on the slide. The fibres will have 
lost their natural parallel arrangement, and form a confused 
tangle, in which one single fibre cannot be followed for any 
great length. The cover- glass may be fastened down with 
narrow strips of gummed paper, and the preparation thus made 
permanent. 

In the examination of larger tendons, such as those of man, it 
is necessary to make sections, which should be either longitu- 
dinal or transverse. The tendon should be hardened for some 
days in alcohol, or dried, in order to give it a fit consistence for 
cutting. The sections are moistened in water, in which they 
may be examined ; or stained in logwood or picrocarmine, and 
mounted in glycerine. On transverse sections, the tendon is 
seen to be surrounded by loose connective tissue, which sends 
into the interior septa enclosing blood-vessels. The interspaces 
of the tendon bundles, and which contain the tendon cells, will 
be seen as stellate figures. 

On longitudinal sections, the parallel tendon bundles will be 
seen, separated by the rows of apparently spindle-shaped cells. 

Serous Membrane : 

13. From the abdomen of a recently-killed rabbit, a portion 
of the mesentery, preferably that of the colon or rectum, is 
snipped off with scissors, and placed on a dry shde. It is care- 
fully spread with needles, while it is prevented from drying 
completely by being breathed on from time to time. A drop of 
salt solution is placed on the cover-glass, and this is laid on the 
preparation, which should remain fully extended. This exten- 
sion is ensured by causing the drop of salt solution to touch 
first the centre of the piece of membrane, and to come into 
contact with its edges only at the moment the cover-glass falls 
on it. 

The membrane will be seen to consist of a groundwork of 
wavy bundles of fibrous tissue, so closely placed and interlaced 
in such an intricate manner as to make the appearance at first 
sight somewhat confusing. 

On altering the focus slightly, an abundant elastic network 
will come into view. The elastic fibres will readily be recog- 
nised by their hard outlines, and free branching and anasto- 
moses. 

14. Remove the cover-glass from the last preparation, and 
take away the excess of salt solution, and dry the slide about 
the piece of membrane which will now have retracted ; spread 
the tissue again as at first, and replace the cover-glass, having 
placed on it a drop of dilute acetic acid. 
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The wavy bundles will now be very transparent or indistinct, 
or have altogether disappeared. The elastic network will be 
very evident, and a number of nuclei will be seen. Some of 
these are oval, and lie on the surfaces of the membrane, as can 
be determined by altering the focus and noticing that they are 
the last objects seen before every part of the preparation becomes 
indistinct by passing out of focus. These are the nuclei of the 
endothelium. Besides these, there are others — some oval, 
others spindle-shaped — and which lie deeper than the endo- 
thelium, on the surfaces of, or between, tne connective tissue 
bundles. These are the nuclei of connective tissue cells. They 
are much more numerous in some parts of the peritonaeum than 
in others. 

15. Permanent preparations of the serous membrane may be 
madfe by staining the piece first in logwood, not too deeply, 
then washing in water, and staining for a few minutes in a 
dilute watery solution of eosin, washing again, spreading 
carefully on the slide, and covering in glycerine. The connec- 
tive tissue bundles are stained light red, the elastic fibres in- 
tensely red, and the nuclei of all kinds blue. Some practice 
will be necessary to succeed with this preparation. 

16. The omentum of a dog, cat, or guinea-pig, in which 
animals, as in man, this membrane is fenestrated, is placed for 
some days in two per cent, solution of bichromate of ammonia ; 
then carefully washed by being placed in water, until it ceases 
to give up colouring matter. Small pieces are stained in log- 
wood, washed in water, floated on to the slide, accurately 
spread, and covered in glycerine. A beautiful network will be 
seen. On the surface of the bands forming this there are pre- 
sent nuclei stained blue. Some seen in face, and of oval shape ; 
others in profile, lying on the sides of the bands, and appear- 
ing spindle-shaped. These are the endothelial nuclei. In the 
broader bands are seen nuclei of connective tissue cells which 
lie between the bundles, and are more deeply situated than the 
endothelium. 

Far more beautiful preparations may be got by staining the 
omentum, first in silver nitrate and then in picrocarmine or 
logwood, and mounting in glycerine in the usual way. The out- 
lines of the endothelial cells, as well as the nuclei, can then be 
seen. It will be noticed how the smaller bands are entirely 
wrapped round by a single cell, a fine black line, generally 
along the margin, maridng where the edges of the cell meet. 
On the larger bands a regularly-shaped endothelium will be 
seen, and under this the nuclei of the connective tissue cells. 
These preparations may be preserved permanently. 

17. It is of some interest to see the course of the individual 
bundles in such a membrane as the omentum, and to study 
their relations to the spaces in the network. This is difficult to 
do when the membrane lies in fluid, owing to the great trans- 
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parency of the tissue ; but if a piece of the fresh membrane be 
spread on a slide and allowed to dry completely, and examined 
in this dry condition, the coarse of the bundles is readily made 
out. They are seen to interlace in all directions, and, sepa- 
rating from one another, to leave the spaces between them. 
Each space is not bounded by one bundle which encircles it, 
but many bundles, passing in different directions, contribute to 
form the boundauy (Ranvier). Such a preparation may, if 
desired, be preserved by covering it without adding any nuid, 
and fixing tne cover-glass by strips of gummed paper. 
Adipose Tissue x 

18. In the larger bands of the omentum and in the mesentery 
adipose tissue will be found in variable quantity. The fat cells 
lie along by the sides of the blood-vessels. They can be very 
beautifufiy seen in silver preparations, when the nuclei have 
been stained by logwood or picrocarmine. Each cell is of 
spherical shape, and consists, for the most part, of a large 
globule of fat, which looks bright in the centre and dark at the 
margin, owing to its high refractive power. Around the fat is 
a thin layer of protopksm appearing as a fine line. At one 
side this is thickened, and here lies the flattened nucleus, ap- 
pearing spindle-shaped when seen in profile. 

19. Osmic acid is reduced by fat, which becomes black when 
treated with this reagent. A piece of mesentery containing a 
quantity of fat, barely perceptible to the naked eye (if the fat be 
in large masses the preparation is too thick for examination), is 
removed from the freshly-killed animal and placed for half an 
hour in a one per cent, osmic acid solution. The osmic acid 
should be placed in a watch-glass, and kept covered with a 
glass plate, as its vapour is extremely irritating to the mucous 
membranes of the eyes and nose. The membrane is then well 
washed in distilled water, and placed for twenty-four hours in 
picrocarmine, washed and mounted in glycerine. The fat cells 
will now be seen as black spheres. The nuclei are red. 

20. A piece of adipose tissue may be torn up in a drop of 
salt solution. The fat cells are isolated. Many of them are 
ruptured, and the escaped fat floats about in the fluid, while the 
collapsed membrane of the cell with its nucleus may be seen. 

21. The yellow gelatinous substance found under the visceral 
pericardium of persons who have died of phthisis or other wast- 
ing disease consists of atrophic adipose tissue. A small piece 
of this torn up in a drop of picrocarmine, placed in the moist 
chamber until stained, and tnen mounted m glycerine, ^ows 
the cells losing their £at, ^ich now occupies omy a small part 
of the space it previously filled, a serous fluid having taken 
its place. Some of the cells will be seen to contain large num- 
bers of nuclei. 

When adipose tissue has lain for some time in alcohol, and 
often in preparations that have been mounted in glycerine, the 
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fat crystallizes, and radiating masses of acicular crystals can be 
seen in the interior of the cells. 

Elastic Tissue t 

22. Tear up in water a small portion of the ligamentum 
nuchse of an ox. Observe the hignly refracting, homogeneous 
elastic fibres, much coarser than any seen in previous prepara- 
tions. They branch and anastomose freely, break with a snarp 
fracture, and the broken ends curl, owing to their elasticity. 
Between them is found a small quantity of wavy connective 
tissue. 

Add acetic acid, or dilute potash solution, and see that it is 
without effect on the elastic fibres. 

IV. Cartilage: 

This tissue consists, like the other members of the 
connective tissue series, of cells and of intercellular 
substance; and it is to the intercellular substance 
that its most remarkable properties are due. 

According to the nature of this intercellular sub- 
stance three varieties of Cartilage are described : 
I, Hyaline; 2, Elastic, or reticular; 3, Connective- 
tissue, or fibrous. 

I. Hyaline cartilage is very widely distributed 
in the body. The cartilages of incrustation on the 
articular ends of the bones ; the cartilages of the 
synchondroses ; the costal cartilages ; the cartilages 
of the larynx (with those exceptions which will be 
afterwards made) and bronchi ; the cartilages of the 
nose and part of the Eustachian tube ; and in the 
foetus, almost the entire skeleton, are formed of 
hyaline cartilage. This tissue is firm, elastic, flex- 
ible within certain limits, beyond which it breaks 
with a sharp fracture ; of a bluish-white, semi-trans^ 
parent appearance, and contains very few blood- 
vessels. 

Examined in thin sections, it is seen to consist of 
cells set in an intercellular substance, which appears 
structureless, or very finely granular. The cells differ 
in size, shape, and arrangement in different cartilages. 
They may be flattened, round, oval, or angular. In 
some animals they are branched, but in the human 
subject this variety is met with only in pathologically- 
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fonned cartilage. As a general rule, when the car- 
tilage has a free surface, the cells next this are 
flattened, and lie parallel to the surface of the car- 
tilage. In perpendicular sections they consequently 
appear as linear bodies. This is the case in the 
articular cartilages, those of the larynx and bronchi, 
costal cartilages, &c. When cartilage abuts on bone 
the cartilage cells lying next to the latter are ar- 
ranged in long rows which stand perpendicularly to 
the line of junction of the two tissues. This is the 
case in the articular cartilages and costal cartilages. 
The cartilage cells very commonly are not distributed 
with perfect evenness, but occur in little groups; 
and the shape and arrangement of the cells in these 
groups are such as to suggest that the entire group 
has arisen by division of a single cell. 

The cartilai^e cells are composed of a finely 
granular protoplasma, containing one or two roundish 
nuclei. Embedded in the protoplasm it is not un- 
common to find fat drops, which stain black with 
osmic acid ; or glycogen, which becomes dark red- 
dish brown with iodine. 

In the natural condition the cartilage- cell com- 
pletely fills the cavity in the intercellular substance ; 
but under various influences the protoplasm shrinks, 
and leaves a considerable space about it. 

The Intercellalar substance is, as stated, 
apparently homogeneous, and either structureless or 
very finely granular. There is reason to believe, 
however, that this homogeneity is only apparent, 
and that really, as in the other connective tissues, the 
intercellular substance of cartilage is fibrous, the 
fibres being held together and rendered invisible by 
a large quantity of highly refractive cement- sub- 
stance. When cartilage is treated with reagents 
which dissolve cement-substances, a fibrous structure 
becomes apparent ; and, in pathological conditions, 
the fibrous change of the intercellular substance is 
very common. 

Surrounding each cell is a narrow border, which 
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differs in refractive power from the rest of the inter- 
cellular substance: this is called the cartilai^e 
capsule. It is common to find in one capsule 
several cells, each surrounded by a secondary cap- 
sule of its own ; and even three or more genera- 
tions of capsules may be found enclosed, one within 
the other. 

It may frequently be seen that the intercellular sub- 
stance about the cells or groups of cells differs from 
that which lies mid-way between, or most distant 
from these. The former parts are more structure- 
less, the latter finely granular. The former are more 
recently formed, the latter older. Staining fluids 
of different kinds make these differences more dis- 
tinct ; and the cartilage is thus mapped out into 
compartments, each consisting of one or more cells, 
surrounded by recent intercellular substance, and 
separated from one another by the older material. 
These compartments are called ceU territories. 

On careful examination it can sometimes be seen 
that the cartilage capsules are perforated by minute 
radial pores. And it has been stated that the inter- 
cellular substance is traversed by fine canals, by 
which the cell spaces communicate with one another, 
and that it is by these channels that the lymph cir- 
culates through the tissue. This statement, however, 
requires further confirmation. 

Where cartilage occurs in small masses it contains 
no blood-vessels ; but in larger pieces canals exist 
which contain, besides vessels, some loose connec- 
tive tissue with numerous cells. 

Except in the interior of the joints, the free surfaces 
of cartilages are covered by a membrane composed 
of fibrous and elastic tissue. This is the perlelioia- 
drium, and its deeper layers are attached to the 
cartilage, the fibrous bundles becoming continuous 
with the hyaline intercellular substance. 

Cartilage when boiled does not yield gelatine, as 
do the other connective tissues, but chondrine. 

In the cartilages of old persons it is very common 
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for the intercellular substance to calcify. The de- 
position of the earthy material begins immediately 
around the cells, the cartilage assumes an amber 
yellow colour, and cavities containing gelatinous 
fluid are formed in the calcified part. The inter- 
cellular substance is in places composed of stiff 
unbranching fibres lying side by side ; and the cells 
in the neighbourhood show evident signs of pro- 
liferation. 

2. Reticular or Kla«tlc Cartilage. — ^This 
tissue occurs in the external ear, the epiglottis, 
part of the arytenoid cartilage, and the cartilages 
of Wrisberg and Santorini, and in part of the cartila- 
ginous portion of the Eustachian tube. It is of a 
yellowish colour, and much more opaque than hyaline 
cartilage, and being much more flexible, does not 
snap on being bent, as this tissue does. Reticular 
cartilage consists of cells, singly or in groups, and 
becoming flattened where they approach the surface. 
Each cell is surrounded by its capsule, and lies in 
a hyaline material precisely similar to that forming 
the intercellular substance of hyaline cartilage ; but 
this structureless substance is traversed by a net- 
w^ork of elastic fibres, and it is to these that 
the peculiarities of the tissue are mainly due. This 
net-work may consist of coarse fibres, forming a 
comparatively open reticulum, and consequently leav- 
ing in its meshes a great deal of hyaline material; 
or the net- work may be so fine and close as to give 
a spongy or granular appearance to the tissue, and 
seemingly to completely displace all the hyaline 
material, except the capsules of the cells. All gra- 
dations between these two extremes may be met. 
In the arytenoid cartilage, where both hyaline and 
reticular cartilage occur, the transition from one tis- 
sue to the other is seen to be caused by the appear- 
ance and gradual increase of elastic, branching, and 
anastomosing threads in the hyaline basis substance. 
The earliest appearance of the elastic material is in 
the shape of granules arranged around the cells. In 
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general, near the surface the elastic net-work is less 
abundant than in the deeper parts. 

The perichondrium here is similar to that in hya- 
line cartilage. Blood-vessels, when they occur, are 
surrounded by connective tissue. Reticular carti- 
lage does not calcify. 

3. ConnectlYe-tissue or FIbroas Carti- 
lage. — This occurs in the cartilaginous edges of the 
sockets for the humerus, femur, &c., in the intra-arti- 
cular cartilages of the knee, jaw, sternum, &c., in the 
symphyses and intervertebral discs. It is a white, 
opaque, very tough, elastic, and flexible tissue. It 
consists of oval or round cells enclosed in capsules, 
and set in an intercellular substance consisting of 
bundles of white fibrous tissue. It differs from this 
latter tissue, in that the cells are not flat, and that 
they are enclosed in capsules. The transitions from 
one tissue to the other can be well seen in the inter- 
vertebral discs, where next to the bone is a thin 
layer of hyaline cartilage: on this follows fibrous car- 
tilage, which gradually passes into pure fibrous tis- 
sue. Fibrous cartilage has no proper perichondrium. 
It contains few vessels. It is not prone to calcify. 

There are some few parts in the lower animals, where cartilage 
exists in such thin lamellae that it can be examined without being 
cut, but as a general rule it is necessary to make sections. Car- 
tilage is of such a consistence as to require no previous hard- 
ening ; it is firm enough to be held in the hand without being 
crushed ; and it is transparent, so that even thick sections can be 
seen through. For these reasons it is an easy object on which 
to practice section cutting. 

Cartilage is best examined fresh, either without the addition 
of any fluid beyond that which is contained in the tissue itself, 
or in serum. In these cases the cells will be seen in their natur^ 
condition, and completely filling the cavities in the intercellular 
substance. If, however, water be added, the retraction of the 
cells is not slow to occur. Many hardening reagents cause the 
cells to become distorted, but there are some which, while they 
harden and fix the cells, do so without causing them to shrink. 
Such is picric acid in saturated watery solution (Ranvier.) A 
small piece of hyaline cartilage is placed in this for 24 to 4S 
hours, washed in water, and preserved in spirit until required for 
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section. The following cartilages should be examined : — ^Head 
of femur of frog; costal cartilage of rabbit or other small animal ; 
tracheal ring of cow; cartilage of incrustation on articular end of 
long bone of dog, cat, or rabbit; costal cartilage of old human 
subject. 

To cut the cartilage, the piece should be wedged into a split 
in a piece of soft cork. This will enable the object to be held 
conveniently. The sections should be made with a razor. The 
blade and the handle should form one line. The blade should 
be held horizontally with the edge turned towards the operator. 
The upper surface of the blade should always be well wetted 
with spuit, so that the sections as cut may not adhere to the 
razor. A saucer of spirit should be at hand, and the razor 
dipped into it between each cut. The saucer should lie under 
the hand so as to catch the drops of spirit that may fall from 
the razor. If the tissue be fresh, the razor should not be wetted. 
The ra?or should be held lightly, but firmly, between the fingers 
and thumb, not in the clenched fist. It should be entered at 
^,he heel, and drawn through the tissue towards the free end, the 
niovements being made from the shoulder. It is not necessary 
at first to make very large sections, but great attention should 
be paid to having them thin and even. The sections as they 
are made should be removed from the razor with a camePs hair 
brush and placed in a watch-glass containing some clean spirit. 
When several sections have been cut, the thinnest should be 
selected for examination. The sections should be mounted in 
glycerine, diluted with an equal part of water. The appear- 
ances are seen very well without staining ; but the preparations 
are prettier if they are coloured. 

1 . Head of Femur of Vroi;^. — ^If this be fresh the sections 
must be taken only from the most superficial part, as the inter- 
cellular substance is calcified at a short distance below the 
surface. If it have lain some time in picric acid the earthy 
matter will have been dissolved, and the section can be made 
without risk. It is well to test whether the decalcification is 
complete, by passing a fine needle through the cartilage before 
cutting it. 

Cells large, with generally one nucleus ; capsules distinct ; in- 
tercellular substance homogeneous and structureless. 

Sections stained in purpurine give beautiful results : the nuclei 
are deep red, the protoplasm scarcely stained, the intercellular 
substance faint red. The staining requires 24-48 hours. The 
sections are then washed and mounted in glycerine. 

2. Costal Cartilag^e. — The section should be made at 
right angles to its long axis through the entire thickness of the 
cartilage, including the perichondriimi. It may be examined in 
dilute glycerine, unstained, or after staining in purpurine, or 
picrocarmine. Intercellular substance homogeneous ; cells 
flattened (appearing linear) near surface; more irregular and 
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in groups in deeper parts: perichondiium consisting of con- 
nective tissue : between the bundles may be seen the nuclei of 
the flat connective tissue cells. 

3. Tracheal Ring^ of Cow. — Cells very irregular in shape 
and lying in groups ; intercellular substance about groups of 
cells structureless and homogeneous ; these cell-territories sepa- 
rated by broad bands of a granular substance, in which are no 
cells. . Sections stained first slightly in logwood and then in 
eosin give very clear appearance. Cells and nuclei bright red ; 
homogeneous intercellular substance blue ; granular boundaries 
of cell-territories red, but less intense than nuclei. 

Canals bounded by connective tissue, and containing vessels, 
may be seen in these sections. 

4. Cartllaif^e of Incrastation on articular end of long 
bone. To examine this, the bone must be decalcified by the 
method to be described in the next section. Sections must be 
made perpendicularly to the surface through the entire thickness 
of the cartilage and part of the subjacent bone. They are to be 
mounted in dilute glycerine. The cartilage consists of four 
layers: — i. In the most superficial the cells are flattened and 
appear linear in the section. 2. This is followed by a layer in 
which the cells are rounded and lie in groups. 3. A layer in 
which the cells lie in elongated rows, which are placed perpen- 
dicularly to the line of junction with the bone. It will oe seen 
that each row of cells is enclosed in a common capsule, each 
cell having its own secondary capsule. This layer passes into 
4, a layer in which the cells are still arranged m rows, but in 
which the intercellular substance is calcified. The limits be- 
tween 3 and 4 are indicated in decalcified preparations by a fine 
line. The junction with the spongy bone is by an irregularly 
festooned edge. 

A very interesting observation may be made on articular car- 
tilage when it is examined by the polarising microscope. There 
are many substances which m their ordinary condition exert no 
influence on polarised light, and are said to be singly refracting 
or isotropic. Such is glass and the intercellular substance of 
cartilage. If, however, such substances be subjected to com- 
pression or strain, their molecular constitution is so altered that 
they become doubly refracting or anisotropic, and decompose 
the polarised ray into two. If under the stage of a microscope 
a Nicol's prism, or polariser, be placed, so as to polarise in a 
certain plane the light which passes through the tube of the in- 
strument, and if ab^ve the eye-piece a second Nicol's prism, or 
analyser, be placed in a position corresponding to that below, 
Uie field will appear bright, because the light which passed 
through the lower Nicol can traverse the similarly placed upper 
prism. If now the upper Nicol be slowly turned round in the 
horizontal plane, it will be found that the field will become 
less and lesf biight; and when the rotation has advanced 
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to qoP from the original position, the field will be completely 
dark. The Nicols are now said to be crossed, and the light 
which passes through the polariser is completely stopped by the 
analyser. A microscope provided with tne two NicoFs prisms, 
as described, is called a polarising microscope. 

If there be now placed on the stage of the microscope, the 
Nicols being crossed, a preparation composed of a singly re* 
fracting or isotropic substance, this will remain invisible what- 
ever its position may be, because it transmits the light unchanged, 
and consequently the light which has passed through it is stopped 
by the analyser. 

But if the preparation consists of a doubly refracting or ani- 
sotropic substance, then it will be found tnat this, in certain 
positions, appears bright on the dark field, and is consequently 
clearly visible. This is due to the property which anisotropic 
substances have of modifying a ray of polarised light transmitted 
through them. They decomposed the polarised ray into two, 
which traverse the substance with different velocities. Hence 
these substances are said to possess the property of double 
refraction. Both of the rays which leave the substance are 
polarised, but in planes at right angles to one another, and 
neither of these planes is the same as that of the original ray 
which is transmitted to the substance by the polariser. As it is 
only light polarised in this plane which is completely stopped 
by the ana^ser, a certain part of the rays which leave the object 
can traverse the upper Nicol and reach the eye. Hence the 
object appears as a luminous body on the otherwise dark field. 

When a vertical section of articular cartilage is examined 
with the polarising microscope, the Nicols being crossed, it 
is foimd that the most superficial layer, or that next the cavity 
of the joint, is bright, the second dark, the third and fourtn 
bright, being separated from one another by a narrow dark 
line. 

In the second layer, where the cells are roimded and evenly 
distributed, the intercellular substance is isotropic and has no 
effect on the light. But where the tissue is subjected to strain, 
either by compression, as in the superficial stratum, or by the 
rapid growth of the cells in one direction, as in the deeper 
layers, then the intercellular substance becomes anisotropic, and 
appears luminous on the dark field. 

This observation, which we owe to Professor Ranvier, shows, 
as pointed out by him, that we must not conclude at once 
because a tissue presents in one part the properties of single, 
and in another of double refraction, that it therefore consists of 
two altogether different substances, since the same substance 
may under different conditions behave differentiy in its action 
on polarized light. 

5. Sections of the Costal Cartilafrea of an old person 
should be made with a scalpel, as the calcareous matter would 
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destroy a razor. The earthy granules will be seen around the 
cells, which have very thick capsules, frequently arranged one 
inside the other, so that one capsule may contain several cells 
each with its own capsule, and these secondary capsules may 
contain not one but several cells, each of which is surrounded 
by a tertiary capsule. In some places the intercellular substance 
will be seen to be composed of stiff fibres. 

6. To see fat in the cartilage cells, small pieces of cartilage 
should be placed for twenty-four hours in one per cent, osmic 
acid solution, washed in distilled water, and the sections exa- 
mined in glycerine. The fat drops appear black. Such pre- 
parations show, also, all the structural peculiarities of cartilage 
m an admirable manner. 

7. To see the glycogen, sections of fresh cartilage should be 
stained in a dark brown-coloured solution of iodine (iodide of 
potassium 2, water 100, iodine to saturation). The cells which 
contain glycogen stain a deep brownish yellow. The intercel- 
lular substance, including the capsules, does not stain, or does so 
very feebly. These preparations, however, do not keep. In 
general glycogen is most apt to be found in yoimg, growing 
cartilage ; fat when the tissue is old. 

8. Very instructive preparations of cartilage may be made by 
the following methods : — 

(a) A very small piece of perfectly fresh cartilage is placed for 
an hour in chloride of gold solution, 0.5 per cent. ; washed in 
distilled water, and exposed to the light in water slightly acidu- 
lated with acetic acid, until it becomes of a deep violet or black 
colour. Sections are made and examined in glycerine. The 
cells, which still completely fill their capsules, are dark; the 
intercellular substance colourless. 

(b) Thin sections of perfectly fresh cartilage are rapidly made 
with a dry razor, and at once placed in one -half per cent, solu- 
tion of nitrate of silver, where they are left for five minutes ; 
then washed in distilled water, mounted in glycerine, and ex- 
posed to the light until they assume a brown colour. It is then 
seen that the intercellular substance is stained brown, and in this 
are clear spaces, which are the cavities in which the cells lie. 
The cells themselves are perfectly colourless and invisible. 
Here, as in other cases, the silver and gold methods are com- 
plementary one of the other. Silver stains the intercellular sub- 
stance (chiefly the cementing material) and spares the cells; while 
gold fixes itself in the protoplasmic structures, and is^ot reduced 
in the intercellular substance. The appearances in the one case 
may be called negative, in the other positive, as regards the 
cells. 

9. Sections of fresh cartilage placed in a closed vessel in lime 
water for some days, washed in distilled water, and examined in 
water, sometimes show fibrillation of the intercellular substance, 
bands of fibres extending from one cell to another. Salt solu- 
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tiofn, ten per cent., will give similar appearances. These methods 
often fail. 

10. A piece of the Carttlaipe of the external Ear of a 
cow, either fresh or after picric acid and alcohol, is fixed in a piece 
of cork and cut. The sections should, if possible, go through the 
whole thickness of the cartilage, and must be very thin, as reticu- 
lar cartilage is a very opaque tissue. They may be examined if 
fresh in ssut solution, or in glycerine if hardened. The ceUs, en- 
closed in their capsides, are seen l3dng in a hyaline structureless 
basis substance. This is traversed by a network of branching 
and anastomosing elastic fibres, which are coarse in the centrsd 
parts, but thin out towards the surfaces. They form beautiful 
basket -work arrangements about the cells. Near the perichon- 
drium the cells are flattened. Acetic acid has no effect on the 
fibres. In sections stained with picrocarmine the cells are red, 
the fibres yellow, the hyaline substance unstained. The most 
beautiful appearances are got by double staimng, first in log- 
wood, then in eosin. The ceUs and fibres are red, the hyaline 
basis substance blue. 

11. Maman Epif^lottis^ preferably of a child. The net- 
work is much closer and finer, and the hyaline material in less 
quantity than in the ear-cartilage. Sections as before ; examine 
in dilute glycerine. 

12. Sections through the Arytenoid Cartila|^e> including 
the vocal process and part of the base. In the latter the tissue 
is hyaline ; in the former, reticular. Between the two the gra- 
dual appearance of elastic threads in the hyaline material and of 
pericellular granules maybe noticed. Double staining with log- 
wood, and eosin gives good results. 

13. Fibrons Cartilag^e will be found in longitudinal or 
transverse sections of the mouse's tail stained in gold chloride, 
and which has been already described. 

A portion of the vertebral column of a rabbit or cat, decalci- 
fied by the methods to be described in speaking of bone, is cut 
longitudinally through an intervertebral disc and the adjacent 
vertebral bodies. Sections are stained in picrocarmine, and 
mounted in glycerine. Such preparations are very instructive, 
showing bone, hyaline cartilage, fibrous cartilage, and ordinary 
fibrous tissue. The transitions between the three latter tissues 
are well seen. The direction of the fibres is very oblique, almost 
horizontal, passing from one vertebra to the next. The bundles 
cross each other at right angles. Between them may be seen 
the cartilage cells in their capsules lying singly, or more fre- 
quently in long rows. 

V. Bone : 

Like the other connective tissues, bone consists of 
cells and of a nbrous intercellular substance, but it 

6 
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differs from all the tissues hitherto described in having 
its intercellular substance impregnated with calcare- 
ous matter, and to this it owes its density and firm- 
ness. The fibres of the basis substance of bone 
are exceedingly fine, and resemble closely those of 
white fibrous tissue. They are, for the most part, 
arranged in bundles, and are held together by a 
eementlng substanee, with which the calcareous 
salts are combined, the fibres themselves being un- 
calcified. In the firm material, constituted by the 
fibres and their cement, are embedded the cells. 
Each eell lies, as do the cartilage cells, in a space 
in the basis substance, but, unlike the cartilage cells, 
the cells of bone do not completely fill the cavities 
in which they lie. These cavities are of a flattened 
oval shape, and from their surfaces and edges nu- 
merous minute canals run off, which communicate 
with the canals from neighbouring cavities, and in 
this way the entire substance of the bone is traversed 
by a very close network of channels, with dilatations, 
in which the cells lie, occurring at intervals. The 
dilatations are called laeunoD; the channels or 
canals are called eanalieuli. 

Osseous tissue, thus constituted, occurs in two 
forms, either as minute spicules and plates, which 
are arranged so as to form a network or spongy mass, 
or as a dense substance, in which with the naked eye 
no cavities can be detected. The former is called 
spongy bone, the latter eompaet bone. Com- 
pact bone is to be found in the shafts of the long bones 
and the outer layers of the flat bones, while examples 
of spongy bone are to be found in the ribs, sternum, 
bodies of vertebrae, and articular ends of long bones. 
Of course, as can readily be seen in longitudinal sec- 
tions of a long bone, the transition from spongy to 
compact bone is not abrupt, but gradual, the plates 
and spicules of the former becoming progressively 
thicker and the intervening spaces smaller. When 
osseous tissue occurs in small masses, as in the finer 
spicules of spongy bone, it contains no blood-vessels, 
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In compact bone, on the other hand, an abundant 
vascular network exists. 

The basis substance of bone very commonly pre- 
sents a lameUated appearance. This is due to 
a peculiar arrangement of the fibres and their bundles. 
In some cases these are felted together in an irregular 
manner, as the white fibrous bundles are in the skin 
and subcutaneous tissue. Here there is no appear- 
ance of lamellae. In other cases the bundles all run 
parallel one to the other, as the white fibrous bundles 
do in tendon. Here also the lamellar structure is 
absent or indistinct, being due when present to the 
separation of layers of bundles of fibres by thin 
layers of cementing substance. Thirdly, the bundles 
may be arranged in layers, all the bundles of one 
layer being parallel, but crossing those of the next 
at an angle which may be more or less open, re- 
sembling the structure of certain membranes. Here 
the lameUated arrangement is distinct. The maxi- 
mum of distinctness is reached when the layers cross 
each other at right angles. 

The lacunae lie sometimes in the lamellae, some- 
times in the cementing substance between. In the 
former case the surface of the lacuna is parallel to 
that of the lamella, and the long axis of the lacuna 
lies in the direction in which the fibres of the lamella 
run. Consequently, if the lamella be cut at right 
angles to its fibres, the lacuna will appear as a short, 
narrow, oval figure ; if in the length of the fibres, but 
at right angles to the plane of the lamella, the lacuna 
will appear as a long, narrow, oval figure; while if 
the section be made in the plane of the lamella, the 
lacuna will appear as a broad oval, or, sometimes 
almost round figure. In each case, of course, the 
canaliculi passing off from its periphery will be seen. 

Finally, the lacunae and canaliculi are surrounded 
by a layer of substance which differs from the rest of 
the basis substance, and is somewhat analogous to 
the capsules of the cartilage cells. This substance 
resists the action of acids much more than the rest of 
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the basis substance does, so that continuous portions 
of it can be isolated, which have the appearance of 
branching and anastomosing cells^ That this ap- 
pearance is not due to the bone cells themselves is 
shown by the fact that it can be got as well from 
macerated as from recent bone, although, of course, 
in the former case, the cells, as well as the other soft 
structures of the bone, have been destroyed (Neu- 
mann). From the recent observations of Broesike 
it would appear that this substance, which forms a 
wall for the lacunae and canaliculi as well as for the 
Haversian canals, is composed of keratine. The flat 
bone cells, although they present projections corre- 
sponding to the orifices of the canaliculi, do not, 
except in very young animals, send processes into 
these canals, which are occupied solely by an albu- 
minous fluid, lymph. The bone cells consequently 
do not anastomose. In the bones of adults the bone 
cells commonly atrophy and disappear. 

The shaft of a long bone is a hollow cylinder of 
compact substance. Near its middle there is little 
or no cancellous tissue, but towards the extremities 
the compact tissue becomes gradually rarefied and 
increased in thickness, and passes into the cancellous 
mass of which the articular ends consist. The com- 
pact shaft is supplied freely with blood-vessels, which 
run in canals hollowed out in the bone. Of these 
vessels there is one, the so-called nutrient artery, 
which traverses obliquely the thickness of the shaft 
of the bone, and is distributed chiefly to the medul- 
lary tissue and walls of the medullary cavity. Innu- 
merable small vessels penetrate the surface of the 
bone by pores obliquely situated, and which can be 
seen with a lens as fine openings all over the surface 
of the dry bone. From the medullary cavity other 
small vessels penetrate the bone from within in a 
similar manner. All these vessels combine to form 
a close network with elongated meshes, the long 
axis of the meshes being in the long axis of the 
bone. The channels in which this network lies are 
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called HaYersian canals, and from their arrange- 
ment it is clear that on a transverse section of the 
bone most of these canals will be seen cut across, 
while on a long section they will be for the most 
part divided longitudinally. But on sections made 
in either direction the retiform arrangement of the 
Haversian canals will be evident, as well as the 
channels by which the network opens on the outer 
and inner surfaces of the shaft of the bone. 

The tissue of the compact bone is markedly la- 
mellar, the fibres of one lamella forming a right 
angle with those of the next ; and as these fibres 
run, for the most part, either in the length of the 
bone, or at right angles to this, sections in either of 
these directions will divide some of the lamellae 
parallel, others at right angles, to the course of 
their fibres. The former lamellae will appear stri- 
ated ; the latter punctated. 

The arrangement of the lamellflD is as fol- 
lows : — 

On the surface are a number of lamellae, which 
encircle the bone. These are called the circum- 
ferential, or outer fundamental lamellfe. 
Surrounding the medullary cavity are other lamellae, 
which are called the Inner fundamental la- 
ntellfB. Between these two sets the arrangement 
of the lamellae is more complicated. There are — 
first, lamellae which surround each Haversian canal. 
These are called HaTcrslan lamellflD, and, to- 
gether with the canal forming their centre, consti- 
tute what is called a Hairerslan system. Each 
Haversian system is marked off from the rest of the 
bone by a fine line formed of cementing substance. 
Secondly, between the Haversian systems are found 
irregularly-shaped patches, which contain no vessels, 
and in which the lamellae are arranged parallel to 
one another, and also to the fundamental lamellae. 
These are the Interstitial lamellflD, and might 
be called the middle fundamental lamellae. Thirdly, 
there are larger or smaller fragments, in which the 
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arrangement of the lamellae is such as to show that 
they are parts of a Haversian system, the remainder 
of which has been absorbed, and its place taken 
by a new system, the centre of curvature of whose 
lamellae is, of course, different. These three arrange- 
ments of lamellae can be recognized either on trans- 
verse or on longitudinal section of the bone, but are 
most distinct in the former. 

In the long bones of some small animals, where 
the quantity of osseous tissue is scanty, the entire 
bone forms but one Haversian system ; all the parts 
are arranged concentrically around the medullary 
cavity, and there are no blood-vessels in the bone 
itself. In the compact tissue of larger bones the 
lacunae of all the fundamental lamellae form one 
system, communicating by their canaliculi, and the 
canaliculi of the innermost lacunae open into the 
medullary cavity. The innermost lacunae of each 
Haversian system open by canaliculi into the Haver- 
sian canal, and a free communication exists between 
the different lacunae of each system by means of their 
canaliculi. But the canaliculi of the outermost set 
of lacunae of each system communicate only to a 
very slight extent with those of the surrounding 
portions of bone. They generally turn back into 
their own system, and reopen into some of its 
lacunae. They are called recurrent canaliculi (Ran- 
vier. Von Ebner). 

Besides the parts already mentioned, bands of 
fibres pass from the surface of the bone, and pene- 
trate at various angles through the lamellae of the 
fundamental systems. These fibres often anasto- 
mose, and form a network. They never enter the 
Haversian systems. They are better developed in 
the flat bones of the cranium than in the long 
bones. They consist of fibres resembling white 
fibrous tissue, with a calcified cementing substance. 
They are called Sliarpey's perforating fibres. 

There is also to be found in the long bones 
a certain quantity of elastle tissue, formed of 
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branching and anastomosing fibres, which differ in 
their chemical character from the other fibres of the 
bone. 

The compact bone passes into spongy tissue by a 
gradual enlargement of the Haversian canals, which 
at last open out into the areolae of the cancellous 
tissue. The portions of bone bounding these areolae 
vary greatly in thickness. , In all, the lamellar struc- 
ture exists, and the larger contain Haversian sys- 
tems, while the thinner spicules and plates have no 
proper vessels, but are nourished only by means of 
the lacunae and canaliculi. 

In the medullary cavity of the long bones of 
healthy adults is contained a tissue which differs 
from adipose tissue only in the fact that the fat cells 
are not separated into groups or lobules by fibrous 
tissue, and that the distribution of blood-vessels is 
not so regular and abundant. This is yello^ir 
marrow^. 

In the areolae of the cancellous tissue of the short 
and flat bones, and of the epiphysary ends of the 
long bones is contained a peculiar tissue, the red 
marrow^. This consists of a network formed of 
branching and anastomosing cells, in the meshes of 
which are contained. 1. Numerous cells, resembl- 
ing those of lymph, and which differ a good deal in 
size and in the abundance of contained granules. 
2. Larger cells, whose nuclei are frequently of very 
irregular shape, and furnished with a number of buds, 
or projections. 3. Very large cells, containing a con- 
siderable number of nuclei (giant cells). 4. Blood 
corpuscles, many of which are often of irregular 
shapes and variable sizes. 5. Nucleated cells, whose 
substance is smooth and homogeneous, and impreg- 
nated with haemoglobin (nucleated red blood-cor- 
puscles)* 6. Fat cells. It is in the cells of the 
second and third variety that the process of nuclear 
division has been observed, which has been named 
fragmentation, and which has been already alluded to. 

The blood-vessels of this tissue are numerous, 
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particularly the veins, whose walls are extremely thin, 
and, in places, composed only of the medullary tissue 
itself, so that solid bodies can freelv pass from this 
into the blood-current (Rindfleisch). If the tissue 
is not fresh there are frequently found in red mar- 
row long octahedral crystals, They are supposed to 
be formed of the phosphatic salt of an organic base, 
which, from its occurrence in the secretion of the 
prostate, and consequently in the semen, is called 
spermatin. They are commonly known as Cliajr- 
eoVm crystals. 

Besides the red and yellow marrow, a third variety 
has been described as gelattnous marro^ir. It is 
a modification of the red, and occurs generally in 
atrophic or cachectic conditions. The fat cells are 
absent, there are much fewer red corpuscles, and 
the whole tissue is impregnated with a mucinous 
fluid. 

It has been stated recently, that in the bones of 
the extremities red marrow is either altogether ab- 
sent, or confined to the upper ends of the humerus 
and femur, the marrow in the lower ends of these 
bones and in those more peripherally situated being 
exclusively yellow (Neumann). 

A small quantity of medullary tissue surrounds 
the blood-vessels in the Haversian canals. 

The bone is surrounded by a membrane of con- 
siderable strength and density, the perlostemn. 
This is more closely adherent at the extremities of 
the long bones than in the middle part, and is 
peculiarly difficult to separate at the insertion of 
tendons. It consists of two layers — ^an outer layer, 
which is composed of fibrous and elastic tissue, and 
an inner layer, which is more cellular. The inner 
layer is very highly developed in growing bones, 
and plays a most important part in the formation of 
the new osseous tissue. Sharpe/s fibres are con- 
tinuous with the periosteum. The blood-vessels 
in the periosteum are numerous, and from them the 
vessels pass into the interior of the bone. 
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Bone has to be examined by two Bietliods. The first 
method consists in removing the earthy salts from the recent 
bone by the prolonged action of a dilute acid, and then in 
making sections with a razor of the softened decalcified tissue. 
Preparations made in this way show not only the structure of 
the oasis substance, but also the soft parts of the tissue, such as 
the bone cells, the periosteum, the blood-vessels, and the 
medulla. By the other method the bone is submitted to pro- 
longed maceration in water, by which all the soft structures are 
destroyed and removed, while the calcified basis substance 
remains. This is ground down into thin plates, which are 
examined in Canada balsam. Many details in the structure of 
the bone, particularly the arrangement of the lamellae, and the 
lacunas and canaliculi, are best seen in preparations made by 
this method. 

Wirut Method : 

IVIieii Bone is to be softened in acid it must be 
divided into small pieces, and placed in a large quantity of the 
acid fluid, which snould be changed frequently until the decal- 
cification is completed. The best acid to use is a mixture of 
chromic and nitric acids, half of the former, and one of the 
latter to 100 of water. The chromic acid prevents the swelling 
of the fibres of the basis substance, which would otherwise be 
caused by the mineral acid. The bone should be placed fresh 
in this mixture, and examined from time to time. When it is 
found that the pieces have become flexible, and when a fine 
needle passed through them in different directions meets with 
no gritty resistance, the tissue is decalcified. The pieces of 
bone are then wasned in water for a considerable time, to 
remove the acid, and preserved in alcohol imtil they are wanted 
for section. 

The sections are made with a razor, as described for cartilage, 
the piece of bone being fixed into a split in a cork. The 
sections may be mounted in dilute glycerine, either without 
staining, or after being stained in picrocarmine, logwood, or 
purpurine. The preparations may be made permanent by ce- 
menting the cover- glass in the usual way. 

Compact Bone. — i. TransTcrse section throng^h 
the Shaft of a I<on|^ Bone. This should include the entire 
thickness of a segment of the ring of compact bones of which the 
shaft consists. It is best, therefore, to use the bone of some 
small animal, as a cat or dog. 

Make first a general examination with a low power, and then 
study the details with a higher power. 

Most of the Haversian canals are cut across, and appear as 
round figures. Since, however, they really form a network, 
some canals are cut in length, or obUquely, and canals openiniL 
on the inner or outer surface of the bone may possibly 

Bounding the outer and inner surfaces of the bone, poi 
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tissue may be seen which contain no Haversian canals (except 
such as may pass through them to open on the surface). These 
are the outer and inner fundamental lamellae* In the middle 
portion of the bone which lies between these, the canals are 
distributed with more or less regularity. 

Covering all parts of the section will be seen minute angular- 
shaped dots* These are the lacunae. In the fimdamental 
lamellae these are disposed in rows parallel to the surfaces of 
the bones, while surroimding each Haversian canal the lacimae 
are arranged concentrically. The portion of bone about each 
canal, and which contains these concentrically-placed lacunae, 
is marked off by a fine line, and is the cross-section of a 
Haversian system. On the outer surface will be seen the 
fibrous periosteum. 

With a high power the Haversian canals will be seen to 
contain each one or more blood-vessels, surroimded by some 
round medullary cells. The shape of the lacunae will be dis- 
tinctly seen, and it will be noticed that while they all are 
narrow elongated figures, some are much longer than the 
others. The longer ones are those which are placed in the 
lamellae whose fibres lie in the plane of the section, the shorter 
those contained in lamellae whose fibres are cut across. Each 
lacuna contains the round nucleus of the bone cell, and if the 
preparation be good, there may be seen running off from oppo- 
site poles of the nucleus a thin streak of protoplasm, the profile 
view of the bone cell itself. In old bones the cells may have 
altogether disappeared, while in young bones they are very con- 
^icuous objects. 

The cansdicuU, if visible at all, will be very faint and indis- 
tinct, owing to their being filled with fluid oi nearly the same 
refractive power as the lK)ne. 

The lamellae will be more or less distinctly seen. They and 
the canaliculi will be more apparent in preparations made by 
another method. 

In the periosteum it will be observed that the greater number 
of the bundles of white fibrous, and threads of ekstic tissue are 
cut transversely. 

2. Uonf^itudinal Section of the Shaft of a Ijong 
Bone. — ^The Haversian canals will be seen cut in length, and 
anastomosing by cross-branches, and so forming a network 
with elongated meshes. The lacunae are narrow, elongated 
figures, l3ring parallel to the Haversian canals. The outlines of 
the Haversian systems are indicated by lines parallel to and at 
some distance from the canals. The fibrous bundles of the 
periosteum are cut chiefly in length. 

SponfTJ Bone — 3. Section throng^h the Articu- 
lar £od of a Mjong Bone. — The osseous tissue will be 
seen to form a network, enclosing large, irregularly-shaped 
spaces, which contain round cells, lying in a fine reticulum, 
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ahd traversed by blood-vessels. This is red marrow. The 
osseous network consists of plates of bone of various thick- 
ness. In the thicker, blood-vessels, lying in Haversian canals, 
surrounded by their systems of lamellae and lacunae, are present, 
but in the smaller, lacunae only are visible. These are gene- 
rally placed with their flat sides parallel to the surface of the 
osseous tissue. 

4. From a piece of compact decalcified bone, remove the 
periosteum, and with a scalpel scrape the surface of the bone. 
Examine the fragments of the superficial lamellae, which come 
off in a drop of water. At the tnin edges it will be seen that 
they consist of bundles of very fine fibres, which cross each 
other at very sharp angles (Sharpey. Von Ebner). 

Other acids, besides the mixture of chromic and nitric acids, 
may be used to decalcify bone. Of these, chromic acid, half per 
cent., or picric acid in saturated watery solution, are most em- 
ployed. Both these acids act very slowly, and require the bone 
to be cut into extremely small pieces. They have certain advan- 
tages, but for ordinary purposes are not so good as the chromic 
and nitric mixture. 

Second Method : 

In preparing^ a Bone for makini^ ffrindinffs cer- 
tain points must be attended to. The bone, immediately on 
removal from the body, should be cut into pieces, and the me- 
dulla, as far as possible, removed by a stream of water. The 
pieces of bone should then, before they have time to dry, be 
placed in water, which shoidd be frequently changed. In this 
they may be left an indefinite time, for the intercelliUar substance 
of bone, so long as it contains its earthy salts, and is not pulve- 
rized, is almost incapable of undergoing putrefaction. 

If the bone be allowed to dry before being placed in the 
water, fatty matters will soak into the pores of the bone, to 
take the place of the evaporated water, and it is nearly impos- 
sible ever to free the bone from this fat. After some months 
of maceration, the pieces of bone may be removed from" the 
water, well washed, and placed in the air to dry and bleach. 
They should be dry, white, uniformly opaque, and quite free 
from fatty stains. 

The bone is fixed in a vice, and thin sections are cut with a 
fine saw* These are ground down at first on a grind-stone, and 
then on a fine hone, moistened with water. The piece of bone 
should be held against the stone by the pulp of the finger or 
thumb. If it is found that some parts are becoming thinner 
than others, the pressure on the thin parts should be relieved, 
while the finger is made to press more firmly on the thicker 
parts. The grinding should be made on both sides of the 
section alternately, and should be continued until the moistened 
plate of bone is quite transparent. The section is then well 
washed and dried. 
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The section has next to be mounted in Canada balsam, and 
in such a way that the balsam shall not penetrate into the 
lacunae and canaliculi. If ordinary fluid balsam were used this 
would occur; but if the balsam has been exposed for some 
time to a gentle heat it becomes, on cooling, hard and brittle, 
and such dried balsam will solidify before it has time to soak 
into the canals of the bone. 

A small piece of hard balsam is placed on the slide, which is 
warmed over a small gas or spirit name until the balsam melts. 
The warming must be cautiously effected, for if the heat be too 
rapidly applied the balsam will boil, and the mass of bubbles 
will spoil the preparation. When the balsam is melted, the thin 
plate of bone is taken by one comer in a forceps, and quickly 
plunged into the balsam, and the cover-glass, which must be in 
readiness, rapidly applied and pressed down. The whole slide 
is then cooled by being placed on a large piece of cold metal, or 
by having a stream of water poured over it. 

This method is troublesome and laborious, but the results are 
very good. Longitudinal and transverse sections of compact 
tissue should be made by this method. These preparations are 
permanent. 

Spongy bone, owing to its fragility, cannot be cut with a 
saw. The piece of bone to be cut must be soaked in thick gum 
until all the interstices are filled. Then it is exposed to the air 
until the gum becomes thick, and then placed in alcohol, which 
completes the hardening of the gum. In this condition, with 
its cancelli filled with gum, the bone will bear the saw. The 
sections must be rubbed down on a stone moistened with alco- 
hol, and when sufficiently thin they are placed in warm water, 
which dissolves out the gum. They are then dried and moimted 
in balsam in the way already described (Ranvier). 

5. In grindings mounted in balsam the Haversian canals 
appear empty, or filled with bone-dust. The lacunae and ca- 
naliculi contain air only, and appear very distinctly as black 
branching figures and lines. They owe their black appearance 
to the total reflection of the light from their lower surface, and 
this total reflection is due to me great differences between the 
refractive power of Canada balsam and that of air. If the 
balsam were to soak into the spaces of the bone, this total 
reflection would not occur, and the lacunae and canaliculi would 
be invisible. It is probable that at some part of the edge of the 
preparation this will have occurred. It is to prevent its occur- 
rence that the mounting has to be carried out with the precau- 
tions above indicated. It is easy to see that the air in the 
lacunae reflects the light. If, while the preparation is examined 
with a low power, and the lacunae appear black, the hand be 
placed before the mirror of the microscope, so as to shut off 
the light passing through the object, the lacunae will be seen 
as bright spots on a dark ground* They now reflect the light. 
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wHch falls on them from above. If light be concentrated on 
the preparation by a lens, the brightness is of course ereater. 

On cross section through the shaft of a long bone the lacunae 
all appear as narrow objects, but on long section many lacunse 
will be seen from their flat surfaces, and appear as broad, oval, 
or round figures. It will be seen that the canaliculi come off 
mostly from the surfaces of the lacunse ; that they are commonly 
branched ; that those of neighbouring lacunse anastomose ; that 
the innermost canaliculi of a Haversian system open into the 
canal, while the outermost generally form loops, and return into 
their own systems, anastomoses with the canaliculi of neigh- 
bouring systems, or of intermediate portions of bone occurring 
only occasionally. 

The irregularly-curved outlines of the Haversian systems are 
distinct, and it will be seen that the bone consists of a sort of 
mosaic of fragments of fundamental lamellae and of Haversian 
systems, some in process of formation, others of absorption 
(Von Ebner). This is due to the fact that bone grows, not as 
other tissues do, by interstitial expansion, but by Sie continual 
absorption of old parts, and laying down of new. 

The arrangement of t)ie lamellae is evident. On examination 
with a high power the lamellae will be seen to present alternately 
a homogeneous, or finely striated, and a granular, or finely 

Eunctated, appearance. The former appear brighter than the 
itter. The former are those whose fibres run in the plane of 
the section ; the latter those whose fibres are cut at right angles. 
If the Canada balsam has soaked into the canaliculi, the punc- 
tated lamellae will present shining lines, passing through them 
at right angles to the plane of the lamellae. These are the 
canaliculi, fi&ed by the hard, highly-refractive balsam. It wfll 
be noticed that the lacimae do not all lie between the lamellae, 
but that some lie in their interior, and that, according as they 
lie in a clear or in a punctated lamella, the shape (uffers, as 
already described. 

6. A balsam preparation should be examined in polarised 
light with the N1C0& crossed, when the lamellar structure will 
be very beautifully seen. The punctated lamellae are dark; 
the striated lamellae bright, except along two planes, at right 
angles to one another, in which they also appear dark. Hence, 
on transverse section, each Haversian canal is surrounded by 
circles, alternately bright and dark, the whole being marked by 
a black cross, whose arms meet in the central canal. Where 
the intermediate lamellae are arranged parallel to either arm 
of the black crosses of the Haversian systems, they are all 
dark; where they run obliquely to the crosses, they appear 
alternately bright and dark, according as their fibres are cut in 
length, or at right angles. These appearances can also be 
seen, although less brilhantly, in decalcmed sections, mounted 
in glycerine or water. 
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They are due to the fact that light, when it passes throu|fh 
the fibres of connective tissue in a direction parallel to their 
length, undergoes no change ; hence the punctated lamellae are 
dark. But mien it passes through the fibres obliquely, or at 
right angles to their length, it undergoes double refraction; 
hence the striated lamelbe are bright. If the fibres, however, lie 
parallel to the axis either of the polariser or of the analyser, the 
light is completely stopped, and in this way are produced the 
black arms of the rectangular crosses. 

7. Sharpey's llbres occur in the fundamental lamellae of 
long bones, but are more developed in the flat bones forming 
the roof of the skull. A portion of one of these is decalcified, 
and sections are made perpendicularly to the surface. Shin- 
ing bundles of fibres will be seen passing perpendicularly or 
oUiquely through the superficial lamellae, and frequently forming 
a network in the interior of the bone. They never penetrate the 
lamellae of a Haversian system. They are continuous with the 
fibrous tissue of the periosteum, and occur only in bone which 
was developed from this memln-ane. 

When in such a section the lamellae are torn asunder with 
needles, it can be seen how they are perforated by Sharpey*s 
fibres. 

8. From a broken rib, or from the cancelli of the body of a verte- 
bra, some of the red pulpy medulla is taken with the point of a 
knife, and gently torn up with needles in a drop of half per cent, 
salt solution. The medulla from the cavity of a long bone of a 
young rabbit or guinea-pig is a good object for examination. 
The bone shoidd be broken, or split in length with a strong 
knife, to avoid the mixture of bone dust which would occur S 
the bone were sawed (Ranvier). The different kinds of cells 
described above should be looked for. 

9. A fragment of the medulla is torn up in salt solution on a 
slide. This is inverted, and placed for a few minutes over the 
open mouth of a bottle, containing some one per cent, solution 
of osmic acid. The vapour of the acid fixes and hardens the 
cells. A drop of picrocarmine is then placed on the prepara- 
tion, and this is left in the moist chamber for some hours. A 
cover-glass is then applied, and a drop of glycerine placed at 
the side, and allowed to diffuse in and take the place of the 
picrocarmine. The excess of glycerine is then removed with 
filter-paper, the slide cleaned, and the preparation sealed with 
cement. 
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CHAPTER VI. 

MUSCULAR TISSUE. 

Muscular tissue occurs in three forms — i. As un- 
striped muscle. 2. As the tissue of the myocardium. 
3, As the striated skeletal muscles. 

I. Unstriped muscle forms the contractile coat 
of the stomach, intestines, bladder, uterus and Fal- 
lopian tubes, and blood-vessels. It occurs also in 
considerable quantity in the skin, in the prostate, 
in the interior of the eye, and in other parts. 

It consists of cells, which are usually spindle- 
shaped, but sometimes branched. In the middle of 
each cell is a long rod-shaped nucleus, in which a 
very distinct intranuclear network can often be seen. 
The substance of the cell is obscurely striated longi- 
tudinally, and would seem to consist of contractile 
threads set in a homogeneous protoplasm, which is 
collected in somewhat greater quantity about the nu- 
cleus. The outlines of the cell are generally smooth, 
but are sometimes marked by ridges or irregularities, 
due to compression of neighbouring cells. There is 
no demonstrable cell-wall. The appearance of trans- 
verse striation, which is sometimes seen on these 
cells, is probably due to markings on the surface 
only. In warm-blooded animals the cells are from 
TsW to ToTT inch long. 

A cementing substance connects these cells to- 
gether into bundles, which either run singly, or 
more commonly are united by connective tissue, so 
as to form membranous structures such as the walls 
of the hollow viscera. In the junction of the indi- 
vidual cells, the sharp end of one cell is wedged 
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in between the thicker parts of two others, so that 
on cross section through a bundle the cells appear 
as circular or polygonal figures of very various sizes, 
since some are cut near their centres, others near 
their ends. In the former case a nucleus is seen, in 
the latter not* 

When a portion of smooth muscular tissue is exa- 
mined fresh, its composition of spindle-shaped cells 
is not always evident, but it appears to consist of a 
fibrous substance, in which long nuclei are set at 
regular intervals. The cellular structure of the tissue 
has been known only since the methods of isolation 
have been introduced into histology, for the cells 
cannot be separated until their cementing substance 
has been softened. 

Smooth muscular tissue is freely supplied with 
blood-vessels, which form .a network of capillaries, 
with meshes elongated in the direction of the bundles 
of cells. Associated with smooth muscular tissue nu- 
merous ganglia are commonly found. These and the 
distribution of nerves will be subsequently described. 

II. BEuscular Tissue of the Heart. — Here, 
as in the unstriped muscle, the tissue is composed of 
cells of microscopic size. In the lower vertebrates the 
cells are of spindle shape, but in the higher classes 
of animals they are short cylinders. In neither case 
is the outline of the cells smooth and even, but pre- 
sents numerous crests, ridges, and projections, which 
are places where one cell meets with and is cemented 
to another. Each cell shows a distinct transverse 
striation, which does not differ from that of the volun- 
tary striated muscles. A longitudinal striation also 
exists, and is due to the presence of groups of fibrils, 
which lie side by side, and are embedded in a homo- 
geneous protoplasm. The transverse striation is due 
altogether to the structure of the fibrils, which consist 
of alternate dark and light portions. In the centre of 
each cell is an oval nucleus surrounded by a certain 
quantity of protoplasm. Two nuclei are sometimes 
present. There is no cell-wall or sarcolemma. 
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These cells are cemented one to another, so as to 
form a network with long and narrow meshes. This 
network is not extended in a single plane, but in all 
directions, so as to form a spongy tissue. Portions 
of this tissue in the shape of bundles and laminae are 
bounded by layers of connective tissue, in which the 
larger blood-vessels lie. Since, without the use of 
reagents, the cellular structure of the myocardium is 
usually not apparent, the tissue seems to consist of 
branching and anastomosing fibres, containing oval 
nuclei at intervals. 

The blood-vessels are numerous, and form elon- 
gated meshes. They commonly lie in spaces be- 
tween the muscular bundles. These spaces are the 
commencements of the lymphatics. In the heart of 
the frog there are neither blood-vessels nor lym- 
phatics. 

III. Striated Skeletal BEusdes. — This tissue 
is composed of cylindrical fibres, with pointed 
ends. They can be seen with the naked eye, and 
have frequently a length exceeding an inch. The 
breadth varies considerably in different fibres. These 
fibres lie side by side, and are held together in coarse 
bundles by connective tissue, which sends septa into 
the bundles, dividing them into smaller groups, and 
these again into still smaller. The connective tissue 
surrounding the bundles is called perimysium, 
that between the fibres endomysimn. The small- 
est bundles are named primary, the larger secondary 
and tertiary. 

The muscular fibres do not anastomose with one 
another, and very rarely branch. 

Each fibre is enclosed in a structureless sheath, 
which completely surrounds it. The sheath is called 
the sarcolemma* Within it is contained the €Hm- 
traetile substance. This presents a distinct trans- 
verse striation, the exact pattern of which varies 
greatly in the muscles of different animals and in the 
same muscle, according as it is stretched or relaxed, 
contracted or not. The details of tbe trans- 

H 
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. verse striation can be seen better in the muscles 
of insects and Crustacea than in those of mammals, 
as in the former animals the striae are much broader 
and the markings coarser. In a fibre which is not 
contracted, and which is moderately stretched, the 
following markings may be seen. At regular inter- 
vals the fibre is crossed by — (i) a narrow, highly- 
refracting line, which appears dark and frequently 
granular. This has been called Kraus^s membrane^ 
the thin disc, and many other names. At this line 
the sarcolemma is more adherent to the contractile 
substance than at other points. Passing along the 
fibre from a thin disc, we next meet (2) a clear 
stripe. This is followed by (3) a broad, dark band 
{broad disc), but which is less highly refracting than 
Krause's membrane, and which in insects' muscles 
can be clearly seen to be composed of a number of 
rod-like bodies lying side by side. This is followed 
by (4) another clear, feebly refracting stripe like (2) ; 
and finally we come on another thin disc or Krause's 
membrane. This much can readily be seen on the 
muscles of mammals. In insects' muscles there are 
sometimes other bands seen, two narrow granular 
bands lying one on each side of and close to Krause's 
membrane {accessory discs), and a band occupying 
the middle of the broad disc {intermediate disc^ or 
Hensen^sdisc), When muscle is examined in polarised 
light, it is found that Krause's membrane (i) and the 
broad disc (3) are doubly refracting, while the two 
clear discs are singly refracting. In consequence of 
this, a muscular fibre suitably placed in the dark 
field of the polarizing microscope appears composed 
of alternate dark and light transverse bands. The 
accessory discs are doubly refracting in a feeble 
degree. Hensen's disc would appear to be singly 
refracting. 

When a muscular fibre is subjected to the action 
of certain reagents, as alcohol, chromic acid, bichro- 
4nate of potash, &c., it can readily be divided into a 
number of fine threads, each of which shows the 
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same pattern of transverse striation as the entire 
fibre. These threads are called fibrils ; and since 
the fibre consists of a number of these fibrils, it is 
sometimes called a primttiTe nnucnlar bundle. 

On cross section of a muscular fibre, the cut surface 
presents a series of highly refractive points, separated 
by a network of lines of a less highly refractive ma- 
terial. These points are called Colmlielin's fields, 
and they correspond, not to the cut ends of individual 
fibrils, but to groups of these which are called pri- 
mitive nnucnlar cylinders, and are separated 
by tracts of protoplatsm. This protoplasm is much 
more abundant in the muscle of the heart thsm in 
the voluntary muscles. The primitive cylinders in 
the myocardium are consequently very distinct.* 

When a muscular fibre is submitted to the action of 
dilute mineral acids, or when it is frozen and thawed 
again, it cleaves, not into fibrils, but transversely into 
discs, the cleavage always occurring through a clear 
band close to Krause's membrane. In consequence of 
the double cleavage into fibrils and into discs, it has 
been supposed that the contractile substance really 
consists of little prismatic-shaped particles (sarcous 
elements) cemented together, and that the cement- 
ing substance which joins them end to end is different 
from that which joins them side to side. One class 
of reagents dissolves the latter cement, and causes 
the division into fibrils; another dissolves the ce- 
ment joining the particles end to end, and causes 
the transverse cleavage of the fibres. This will be 
clear if we suppose a number of rods of wood to be 
glued to one another to form a bundle, and if we 
suppose, when the glue is hard, this bundle cut trans- 
versely into a number of discs, each of which will 
contain a portion of each rod. If we further sup- 



♦ Recent observations tend to show that the network seen on 
cross sections is not due to membranous septa boimding cylin- 
drical groups of fibrils, but to a network of threads pervacung the 
fibre (Retzius. Bremer). 

H 2 
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pose these discs then cemented together in their 
original positions, not by glue, but by a resinous ce- 
ment. If then the whole bundle be placed in water, 
the glue will dissolve, and the rods will separate one 
from the other, the resinous cement not being af- 
fected, and each rod will consist of alternate layers 
of wood and of resin — will show, in fact, a transverse 
striation. If, however, the bundles are placed in 
alcohol, this will not affect the glue, but will dis- 
solve the resin, and the bundle will break across into 
discs, and each disc will show a number of particles 
of wood separated by a network of glue. 

The intimate structure of the contractile substance 
of muscle is, however, a subject on which so much 
uncertainty still prevails, that it would be useless to 
say more about it here. 

Besides the contractile substance, there is con- 
tained within the sarcolemma a number of nucl^* 
These are oval in shape, with their long axes parallel 
to the fibre, and have about them, particularly at 
their ends, a certain quantity of protoplasm. In the 
muscles of the frog the nuclei lie at all depths in 
the fibre, but in mammals most of the muscles have 
the nuclei situated immediately under the sarco- 
lemma. In each fibre a very large number of nuclei 
are contained. 

It was formerly supposed that, at the attacl!* 
ment of a muscle to Its tendon, a direct con- 
tinuity existed between the contractile tissue of the 
muscles and the fibrous tissue of the tendon. This 
is now known not to be the case. The muscular 
fibre ends with a rounded or pointed extremity, and 
this extremity, like the remainder of the fibre, is 
covered by the sarcolemma. The contractile sub- 
stance is, under ordinary circumstances, so closely 
attached to the interior of the sarcolemma, that any 
separation is impossible : but by certain means this 
attachment can be loosened, and the fibre separates 
readily from its sheath. It can then be seen that 
the tendon fibres are attached to the outside of 
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the sarcolemma, the extremity of which is embraced 
by them, but that they have no continuity with the 
contractile substance. Whether the tendon is con- 
tinuous with the sarcolemma, or only attached to this 
by cementing substance, is uncertain. 

Of all the fibres which exist in a muscle, compara- 
tively few join the terminal tendons, since, except in 
the case of the shortest muscles, the length of the 
fibres is less than that of the muscle itself. The 
fibres which do not reach the end are attached to 
one another by the perimysium, which serves in this 
way as a sort of internal tendon. 

Striated muscles are abundantly supplied with 
blood-Tessels. The arteries run transversely to 
the direction of the fibres, and break up into capil- 
laries, which form elongated rectangular meshes, the 
longer diameters of which are in the direction of the 
fibres. Hence, on long sections most of the vessels 
will be cut in length, while on a section at right 
angles to the fibres most of the vessels will be cut 
across, just as was the case with the Haversian canals 
in the shaft of a long bone. The veins generally 
leave the muscles in company with the arteries. 

Many animals possess muscles which differ from 
one another in colour, some being red, others white. 
The modes of contraction of these two kinds of 
muscle are very different. That of the red muscles 
is slow and sustained, while that of the white muscles 
is abrupt and sudden, and immediately followed by 
relaxation, unless the stimulus be repeated. Corre- 
sponding to these physiological differences, each 
kind of muscle possesses certain anatomical pecu- 
liarities. In the fibres of the red muscles the nuclei 
are very numerous, and do not all lie close under the 
sarcolemma, .but also in the interior of the contrac- 
tile substance. The transverse striation is less well 
marked on the red muscles than on the pale ; and in 
the red muscles the capillary blood-vessels are more 
numerous, have a tortuous course, and on the cross 
branches of the network and on the commencements 
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of the veins there are commonly little dilatations like- 
small aneurisms (Ranvier). 

The lympliatlcs form spaces surrounding the 
muscular fibres. These communicate with the net- 
works of lymphatic vessels which are contained in 
the connective tissue sheath of the muscle. 

The nerves will be described in the next chapter. 

Unstrlped Muscle i 

1. A small fragment of the muscular coat of the intestine or 
stomach of a frog or mammal is placed in a forty per cent, solu- 
tion of caustic potash, This solution must be put into a watch 
glass, which should be placed on a plate or saucer, to avoid the 
risk of the spilling of the corrosive alkaline fluid on the table. 
The watch glass must be kept carefully covered with a glass 
plate, to prevent absorption of water and carbonic acid from 
the air. 

In fifteen to twenty minutes the piece of muscle will be found 
quite friable. A minute portion is placed on a slide in a drop 
of the potash solution and torn up with needles, covered, and 
examined with the high power, all fluid about the edge of the 
preparation having previously been removed with filter paper. 

The long, spincfle-shaped, smooth muscular fibre-cells will be 
seen, many of them single, others lying together with their at- 
tachments more or less loosened, so that their relation is easily 
made out. 

This preparation cannot be kept, and if some water be added 
to it, the cells will all dissolve. It is only when the alka- 
line solution is very strong that it acts as a preservative of the 
anatomical elements ; if it be more dilute, these elements are 
dissolved. 

2. A small piece of the muscular coat of the stomach or intes- 
tine is macerated for twenty-four hours in twenty per cent, nitric 
acid, and then washed in water. Fragments are then torn up 
with needles, and examined in water or dilute glycerine. The 
cells are seen as in i, but they are frequently corrugated and 
wrinkled. Their nuclei are fairly distinct. 

3. The bladder of a frog is removed and laid open with scissors, 
and then placed for twenty-four hours in diluted alcohol (recti- 
fied spirit I, water 2). It is then placed in water, and with a 
camel's hair brush the epithelium of its inner surface is carefully 
brushed away. Thin portions are then cut off, stained in log- 
wood or picrocarmine, washed in water, spread carefully on the 
slide, and covered in a drop of glycerine. With a low power, 
or even with the naked eye, a coarse network will be seen, and 
in the spaces enclosed by this the microscope will show a finer 
network. Both of these networks are formed of smooth mus- 
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ciilar tissue, which in the bladder of the frog does not form a 
continuous membrane, as in the bladders of higher animals, but 
merely a reticulum, which is set in a continuous layer of con- 
nective tissue. In the larger bands the outlines of the individual 
cells may not be visible, but the elongated nuclei will be well 
seen. In some of the larger bands arteries will probably be 
found. They run a tortuous course, and the transversely-placed 
muscle cells of their middle coat are evident. The smaller 
bands consist each of only a few muscle cells, whose shape and 
arrangement will be easily made out. Many completely isolated 
cells will be found in the interspaces of the network. Some of 
these are not spindle-shaped, but stellate, with three or more 
rays. Between the muscle cells will be seen the fibres and the 
round or oval nuclei of the cells of the connective tissue. 

4. A much better method of preparing the bladder is as fol- 
lows :^The cloaca of the frog is ligatured close to the anus. 
This is best done from behind. The urostyle is carefully re- 
moved, when the ligature can be readily applied. The animal 
is then laid on its back, and the abdomen opened down to the 
pubis. The large intestine is opened, and its contents pressed 
out. A glass cannula is tied into the opening, and dilute alcohol 
is forced into the intestine by a syringe, or allowed to flow in 
from a vessel elevated eighteen inches or so above the animal. 
The alcohol fills the large intestine, and rapidly passes from it 
into the bladder, which it distends fully. When this is accom- 
plished the bladder is ligatured at its base, and cut away below 
the ligature, and placed in a vessel containing dilute alcohol. In 
half an hour it may be opened, when it will be found that the 
muscular fibres show no tendency to retract, but the viscus re- 
mains in the fully distended condition. The bladder is left in 
the dilute alcohol for twenty-four hours. The epithelium is then 
macerated, and may be readily removed by brushing. Portions 
of the fibro-muscular coat are stained first in logwood, then in 
eosin, washed, floated on to the slide, carefully spread, and 
mounted in glycerine. The cells are red, the nuclei blue, the 
fibrous connective tissue scarcely stained. The outlines of the 
cells, even where they lie in thick bundles, are distinct, and the 
appearances are in every way superior to those seen in prepara- 
tions in which the bladder was not distended prior to the death 
of the muscular tissue. 

These preparations may be cemented and kept permanently. 

5. In the mesentery of the newt there is a plexus of smooth 
muscular tissue, in which the cells are of very large size. In 
their oval nuclei a very beautiful reticulum may be readily 
demonstrated. The mesentery, with the intestine attached, is 
placed for twenty-four hours in five per cent, neutral chromate 
of ammonia. Then the intestine is carefully separated, the me- 
sentery washed in water, stained in logwood, and mounted per- 
manently in glycerine (Klein). 
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In the examination of the digestive tube and other organs 
frequent opportunities will be found for the study of sections of 
smooth muscular tissue. 

Myocardlom : 

6. Portion of the wall of the ventricle of the heart of a recently- 
killed animal (rabbit or guinea-pig) is snipped off with scissors 
in the direction of the fibres, and slightly torn up with needles, 
and examined in a drop of ssJt solution. It will be seen that the 
fibres are transversely striated, and that they form a network, 
with long, narrow meshes. 

Another piece may be stained in picrocarmine, and mounted 
permanently in glycerine. The nuclei will be red, and the 
muscular tissue itself orange. It is probable that in neither of 
these preparations will anything be seen of the division into cells. 

7. A fragment of the heart of a mammal, and one of the 
heart of a frog are macerated for fifteen to twenty minutes in 
caustic potash, as described above (i), and examined in the 
alkaline fluid. The cells will be isolated. They will be seen to 
be transversely striated, and their nuclei will be distinct. They 
are irregularly spindle-shaped in the frog, but of a short cylin- 
drical shape m the mammal. In both cases projections from the 
sides of the cells will be noticed, and where the cells have not 
completely separated from one another, they will be seen to be 
joined at these projections. In the mammal the cells forming 
the auricular wall will be found longer and narrower than those 
in the ventricle. 

8. A portion of the ventricle of a recently-killed animal, still 
covered by its endocardium, is washed in distilled water, and 
placed in half per cent, nitrate of silver for an hour. Then a 
part of the endocardium, about a quarter of an inch square, is 
circumscribed by four shaUow incisions, and torn off with 
forceps, carrying with it a thin layer of muscular fibres. These 
are mounted in glycerine, with their deep surfaces uppermost, 
and exposed to the light. The division between the muscle 
cells will be marked by black lines (Ranvier). 

9. The ventricle of a rabbit, cat, &c., is hardened in quarter per 
cent, chromic acid. Sections are stained in logwood, mounted 
in glycerine or balsam. The transverse sections of the muscular 
fibres appear as very irregularly- shaped figures, in consequence 
of their frequent branching and anastomoses. The nuclei will 
be seen situated, not at the surface, but in the interior of the 
fibres, and the dotted appearance of the latter is distinct, owing 
to the large quantity of protoplasm which lies between the pri- 
mitive cyhnders. 

Skeletal Muscle* : 

10. The contractile substance of muscle undergoes a coagu« 
lation after death, by which its consistence is increased. It is 
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best to examine the fibres after they have undergone this post' 
mortem coagulation, or rigor mortis. An incision is made into 
the rigid muscle parallel to the direction of the fibres, and from 
the raw surface a very small fragment is detached with scissors 
or forceps, and placed on a clean slide, and dissociated vdth 
needles. It is best to add no fluid, as the fibres will thus adhere 
to the glass wherever they are placed, and not float away from 
the needles ; but the preparation must at no time become com- 
pletely dry, and to avoia this it should be frequently breathed 
on while the isolation of the fibres is being carried out. This 
should be accomplished with as few touches of the needle as 
possible, for wherever the needle touches the fibre there its 
Structure is injured or destroyed. The progress of the dissocia- 
tion should be examined from time to time with a low power, 
without applying a cover-glass. When a few fibres are com- 
pletely separated from the others, a drop of salt solution should 
be placed on the cover-glass, which is inverted, and gently 

E laced on the object. The fibres will appear with smooth out- 
nes. The transverse striation is distinct, consisting of alternate 
dim and clear stripes. If the fibres be folly stretched, the thin 
dark band, or KLrause's membrane, may be seen in the middle 
of the dear stripe. By altering the focus all that was previously 
clear becomes dim, and vice versa. 

In places the transverse striation is not seen, but the fibre 
presents a granular, glassy, or broken appearance. These are 
points to which the needle has been apphed, and the fewer of 
them there are the better is the preparation. In some of these 
injured places the contractile substance may be altogether 
broken across, while the sarcolemma, which is tougher and 
more resistant, is seen as two fine lines extending between the 
broken segments. In the empty sarcolemma-tube granular 
fragments of the contractile substance, or free muscle nuclei, 
may be seen. Where the fibre is intact the sarcolemma lies so 
close to its contents as to be invisible. 

The nuclei are not seen in the fresh muscle, because they 
have the same refractive index as the contractile substance in 
which they lie. 

II. Irrigate the last preparation with dilute acetic acid. The 
contractile substance becomes paler, the striation less distinct. 
The nuclei are now clearly visible as spindle-shaped figures, 
placed with their long axes parallel to that of the fibre. A 
small quantity of granular protoplasm may be seen surround- 
ing them, most abundant at their ends, from each of which 
it runs off as a fine line. This is better seen in the frog's 
muscles than in those of mammals. At the divided ends of 
the fibres the swollen contractile substance may protrude from 
the sarcolemma as a fimgus-like mass. At the constricted base 
of this the sarcolemma will be seen thrown into transverse 
wrinkles. 
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12. A preparation may be made as in lo ; bat, instead of 
covering in salt solution, picrocarmine may be used. The slide 
is placed for some time in the moist chamber until the fibres are 
stained. This will take a few hours. Then the preparation is 
irrigated with water, to remove excess of colouring matter, and 
the water is replaced by glycerine, containing one per cent, of 
formic acid, a orop of which is placed at one edge of the cover- 
glass, and allowed to diffuse in. The preparation may then be 
sealed. The nuclei are red ; the contractile substaAce an orange- 
colour ; the transverse striation well marked. 

13. A portion of muscle of a recently-killed frog is torn np 
and covered in water. The water difiuses through the sarco- 
lemma, and in places raises this from the contractile substance. 
These blisters of sarcolemma are very commonly seen at the 
convex side of a bend in the fibre. A clear space is seen outside 
the striated matter, and bounded externally by a well-defined 
line, which, by careful focussing, can be seen to hav« an appreci- 
able thickness. This is the sarcolemma. 

If this preparation be irrigated with acetic acid, the nuclei will 
be well seen, and the fungus protrusions of the contractile sub- 
stance at the divided ends of the fibres. 

14. Tear up in a drop of water the fibres of a muscle which 
has been kept for some time in alcohol or dilute chromic acid, 
one- sixth per cent. The tearing should be as fine as possible. 
It will be found that the fibres readily break into fine threads, 
some of which are extremely thin (fibrils), but all, down to the 
very finest, show the transverse striation. By pressing strongly 
on the cover- glass with the handle of the needle, it will be 
possible to rupture the sarcolemma of still intact fibres, which 
will then be seen to break readily into fibrils and groups of 
fibrils. 

15. Tear up fragments of muscle, which have been for twenty- 
four hours in dilute hydrochloric acid (one strong acid to 250 
water). The cleavage into discs may be seen. This does not 
succeed so constantly as the longitudinal cleavage by alcohol or 
chromic acid. 

16. Make transverse sections of muscle, which has been hard- 
ened for ten days in chromic acid and alcohol, and subsequently 
in alcohol only. Stain the sections in logwood, and mount 
them in Canada balsam. The blue-stained nuclei will be seen 
to lie immediately tmder the sarcolemma. The outline of the 
fibres is round, or sometimes polygonal, from mutual pres- 
sure. The cut surface is covered with dots, the cut ends of the 
primitive cylinders. Between the fibres is seen the connective 
tissue, a small quantity about each fibre (endomysium), a larger 
quantity (perimysium) bounding groups of fibres (secondary 
bundles). 

If a transverse section of frog's muscle be made, the nuclei 
will appear as angular bodies, situated, not under the sarco- 
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lemma, bat at all depths in the fibre. The comiective tissue is 
scanty, and the grouping of the fibres into bnndles does not 
exist. 

17. Longitudinal and transverse sections of muscles, whose 
blood-vessels have been injected with gelatine and Prussian 
blue, and hardened in MiUler's fluid or alcohol. Mount in 
Canada balsam, with or without previous staining in picro- 
carmine or cochineal. On transverse section most of the vessels 
are cut across, and appear as blue points between the muscle 
fibres. On long section the oblong meshes of the vascular net- 
work are seen. If the muscles have hardened in the contracted 
condition the capillaries are tortuous; otherwise they run a 
straight course. 

Subsequently in the tongue admirable views of muscular 
fibres, cut longitudinally and transversely, will be seen. The 
sections (16 and 17) may consequently be omitted here. 

18. To see the connexion of the muscle with its tendon, the 
following method, devised by Ranvier, gives the best results. A 
pithed frog is placed in a htre of water heated to 55° C. Its 
muscles immediately fall into ligor. It is left about a quarter of 
an hour in the water, which gradually cools. It is then found 
that all the tissues are greatly softened. The skin will come ofi 
the limbs, if they are simply wiped with a cloth, and the muscles 
can be readily separated from one another. A small portion 
of the end of a muscle attached to its tendon is torn up 
cautiously in water or a drop of picrocarmine. In successful 
cases the conical or rounded ends of the muscular fibres will be 
seen retracted within their sarcolemma, which appears empty for 
a considerable distance, and which can be traced as a con- 
tinuous membrane, to whose outer surface the tendon is at- 
tached. It is difficult to get good preparations ; for, on the 
one hand, the fibre very readily separates altogether from its 
sarcolemma, and, on the other, the empty portion of this tube 
is apt to get twisted, or to coUapse, so that its continuity 
cannot be traced. When, however, a successful preparation is 
got, the appearances are most demonstrative. The lower 
tendon of the sartorius furnishes good material. A successful 
preparation, if stained in picrocarmine, may be preserved per- 
manently in glycerine. 

19. Muscular fibres may be isolated in their entire length 
by the following method : — An entire muscle of a recendy- 
killed fi-og is placed at the bottom of a small beaker, and 
buried in crystals of chlorate of potash, slightly moistened with 
distilled water. Over this strong nitric acid is poured. In from 
about a quarter to half an hour, according to its size, the muscle 
is removed, and placed in a test tube, half filled with water. 
It will be found, when the test tube is shaken, that the muscle 
falls asunder into its fibres, the connective tissue having been 
dissolved. The transverse striation of the fibres is greatly in- 
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jured, but the nnclei are visible, and the pointed ends of the fibres 
can be seen (Kuhne). 

20. A large water beetle is placed for some days in strong 
alcohol. One of the legs is then torn off, the homy case of one of 
the joints opened with sharp scissors, and the contained muscu- 
lar mass removed. This is stained in logwood, washed, and 

E laced for a few minutes in alcohol. The fibres are then iso- 
ited on a slide in a drop of oil of cloves, and mounted in 
Canada balsam. The details of the transverse striation is very 
distinct. The fibres frequently have a beaded appearance, being 
constricted at each thin disc, owing to the close attachment of 
the sarcolemma to this structure. 

21. If the fibres be mounted as in the last preparation, but 
without having been stained, they are so transparent as to be 
almost invisible in ordinary light. If, however, they are ex- 
amined in the dark field of the polarising microscope, they are 
seen to consist of alternate discs of bright doubly-refracting 
substance and dark singly-refracting substance. 

22. If the muscular tissue of the insect's leg be taken from 
the living animal, and examined rapidly, without the addition of 
any fluid, the fibres can be seen in the act of contraction. It 
will be noticed that the fibre does not contract at once in its 
entire length, but that the contraction affects only part of the 
length of the fibre, and travels along this in the form of a wave. 
This observation should be made with a high power, and is too 
difficult for a beginner. 
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CHAPTER VII. 

NEKVE TISSUE. 

Nerves are cords, consisting of a number of fibres 
(nerve fibres) lying side by side, and bound together 
by connective tissue of a peculiar character. Some 
nerves are white, glistening, and opaque, as are most 
of those belonging to the cerebro- spinal system ; 
others are greyish and semi- transparent, as are the 
branches of the sympathetic. These differences are 
due to the fact that the fibres which exist in largest 
quantity in the cerebro-spinal nerves differ in struc- 
ture from those which preponderate in the sympa- 
thetic. The fibres which give the cerebro-spinal 
nerves their white appearance are called medullated 
fibres; those which occur in the sympathetic are 
called non-medullated. 

I. The medullated nerve fibres will be first 
described. 

Each medullated fibre is a cylindrical filament, and 
consists of the following parts, i . In the axis of the 
fibre is a thread, which is called the axis cylinder. 
This is believed to be the essential part of the fibre, 
or that which alone conducts impressions, for in 
certain parts we find nerve fibres which consist of 
a35is cylinders only, and which are then spoken of 
as naked axis cylinders. 2. Surrounding the axis 
cylinder is a layer of a highly refracting substance, 
of an albumino-fatty composition and semi-fluid con- 
sistence. This is called the ivlilte snlistance of 
Sebivann, or myellne, or medullary sheatli. 
It is this which gives the nerve fibre its characteristic 



no MANUAL OF HISTOLOGY. 

microscopic appearance, and it is to this alone that 
the entire nerve owes its whiteness and opacity. 
3. Enclosing the whole is a structureless tubular 
membrane, quite analogous to the sarcolemma of 
muscle. This is called the sheath of Schifrann, 
after its discoverer, but it is frequently spoken of as 
the neorilemiiia, and this is the term which will 
be used here. 4. Oval nuclei lie at regular intervals 
along the fibre. They are situated immediately be- 
neath the neurilemma, and lie in depressions in the 
myeline. In young animals they are surrounded by 
protoplasm. Each of these parts has now to be de- 
scribed more particularly. 

The axis cylinder is generally admitted to have 
a fibrous structure. It consists of extremely minute 
fibrils, held together by a homogeneous cementing 
substance. Where a nerve fibre branches, as com- 
monly occurs, it is believed that the fibrils of the 
axis cylinder merely separate, some going in one 
branch, some in the other. 

Outside the axis cyHnder, and separating it from 
the myeline, there is supposed by some anatomists 
to be a sheath, sometimes called the sheath of 
Maathner. Its existence, although probable, is 
not absolutely certain. A space filled with albumi- 
nous fluid is assumed by some writers to exist in 
this situation. 

The white sabstance of fifchivann, or mye- 
line, presents many points for observation. It is 
not a continuous sheath. Every fibre, at its origin 
from a nerve cell, wants the myeline sheath for a 
certain distance, and loses this sheath again before 
it terminates. At regular intervals along the course 
of the fibre there occur constrictions, just as if the 
fibre had had a thread tied around it and drawn suffi- 
ciently tight to cut across the myeline, but not to 
affect the axis cylinder. These are called Han- 
Tier's CHittstarit^ons. At these points the mye- 
line is absent, and the axis cylinder passes through 
a thickened part of the neurilemma. At each side of 
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the constriction the white substance ends with a 
rounded extremity, so that the two segments present 
convex surfaces to each other. These constrictions 
occur at shorter intervals in fine nerve fibres than in 
those of greater diameter, and on fibres of the same 
size they are more closely placed in warm-blooded 
than in cold-blooded animals. In each fibre, however, 
they occur with perfect regularity, except near its ter- 
mination, where the interspaces become shorter. 

At the constrictions the axis cylinder can be seen 
to pass from one segment to the other. Under cer- 
tain treatment the nerve fibre is marked at this point 
by a fine transverse line, whose import is not quite 
certain. At the constrictions the axis cylinder is 
accessible to various reagents, nitrate of silver, car- 
mine, &c., which cannot reach it at other points, as 
they cannot penetrate the myeline. It is supposed 
that the absorption of nourishment by the axis cylin- 
der occurs at the constrictions. 

There is an invariable relation between the nuclei 
and Ranvier's constrictions. One, and only one, nu- 
cleus occurs in the space between two constrictions, 
and is always situated exactly midway between the 
latter. The tract of nerve between two constrictions 
is supposed by Ranvier to be the equivalent of a cell. 
It is frequently called an internode of Ranvier. 

Besides Ranvier's constrictions, other breaks occur, 
which were described first by Zawerthal, but which 
are commonly spoken of as I^anterman's notehes. 
These are due to the circumstance that the myeline 
is prone to break into segments which terminate by 
conical ends, and which are so placed that the 
sharp end or solid cone of one segment fits into a 
corresponding hollow cone of the next. When the 
fibre is viewed from the side, these breaks appear as 
oblique notches extending on each side of the fibre 
from the neurilemma to the axis cylinder. These 
breaks occur without any order, either as regards 
their number or the direction in which the ends of 
the cones are placed. Sometimes a considerable 
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tract of nerve is seen quite free from notches, and 
again they may be so numerous as to make the fibre 
look like the barbs of a feather. Segments ending 
with two solid or two hollow cones occur as well as 
those with a solid cone at one end and a hollow cone 
at the other. Lanterman's notches have no relation 
to the nuclei, and they are most numerous when the 
nerve has been treated with reagents such as osmic 
acid, which make the myeline brittle, and when the 
fibres have been submitted to some violence. In all 
these respects they differ markedly from Ranvier's 
constrictions ; and while there can be no doubt that 
the latter are not artificial, but exist in the living 
normal nerve, this cannot be said with at all the same 
certainty for Lanterman's notches. 

It has been already mentioned that the myeline is 
a very highly refracting substance, and to this pro- 
bably is owing a peculiar appearance which is per- 
fectly characteristic of a medullated nerve fibre, and 
occurs in no other fibre in the body. Each nerve 
fibre is bounded at each side by two parallel lines, 
or has what is called a double contour. That the 
inner contour is not caused by the axis cylinder is 
shown by the fact that where portions of white sub- 
stance exude from the neurilemma, as they frequently 
do in preparations, and form globules and irregularly- 
shaped figures, these figures are bounded by a double 
contour, just as the nerve fibre is, although, of course, 
in the extravasated myeline there can be no question 
of the existence of an axis Cylinder. An appearance 
somewhat similar to that seen in the nerve fibre can 
be observed in a solid rod of glass looked at against 
the light. This is observed to have a clear middle 
part bounded on each side by a broad, dark margin. 

In preparations of fresh nerve fibre the normal 
smooth appearance and even double contour is pre- 
served only for a short time. The outlines soon 
become irregular, and the surface of the fibre is 
marked by wavy and twisted lines, the appearance 
becoming so irregular that it would be impossible to 
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describe it. This is due to a change in the myeline 
which is commonly spoken of as coagulation, and 
which consists in the previously homogeneous and 
fluid white substance dividing into a number of irre- 
gularly-shaped masses. 

Owing to the great tendency which the myeline 
has to undergo changes under the influence of re- 
agents, and in the course of these changes to present 
all kinds of curious figures, many observers have 
ascribed to it the most complex anatomical struc- 
ture. There can be little doubt, however, that 
most, if not all, of these appearances of structure 
are artificial, and produced only by the agents to 
whose action the fibre has been submitted. When 
a nerve fibre is treated successively with cold alcohol, 
boiling alcohol, and ether, a beautiful network is 
seen in the place previously occupied by the mye- 
line. This is said to resist pancreatic digestion, and 
to consist of a homy material, the so-called neoro- 
keralin. But it will be noticed that, in the same 
preparation, this network presents on different fibres 
the most extreme irregularity, being sometimes coarse 
and open, at others so firm and close as to appear 
spongy or granular, and to be seen only with diffi- 
culty as a network at all. And while it cannot be 
demonstrated in a nerve fibre after it has undergone 
the action of water, it can be made to appear in 
masses of myeline which have flowed out of the cut 
end of the neurilemma. It is most probable that 
the network does not exist in the normal fibre, but 
is only an artificially-produced appearance, and that 
it consists of those constituents of the myeline which 
remain after the removal of the fat by alcohol and 
ether (Waldstein and Weber). 

Myeline swells greatly when it comes into contact 
with water. When a nerve is torn up in water, the 
myeline is seen to flow out from the cut ends of 
the fibres, and along each fibre for a great distance 
a streaming movement is observed in the white sub- 
stance as it flows between the axis cylinder and the 

I 
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neurilemma towards the points of exit. These ap- 
pearances are due to the swelling of the myeline, 
which is now no longer able to find room within the 
unyielding neurilemma. 

Owing to its fatty constituents, the myeline be- 
comes black when treated with osmic acid. This re- 
agent also coagulates the myeline, but preserves its 
smooth outlines, and prevents its undergoing change 
by the action of water and other fluids. Hence, for 
the study of many points in the anatomy of the 
nerves, osmic acid is an invaluable aid. A fibre 
treated with osmic acid appears with dark margins 
and a less dark central part, the thickness of myeline 
through which the light has to pass being greater at 
the margins than in the centre. The axis cylinder is 
unstained by osmic acid. All interruptions in the 
myeline are consequently very distinct in osmic acid 
nerves. 

In young nerve fibres a thin layer of protoplasm 
extends between the neurilemma and the myeline 
for a considerable distance at each side of the nu- 
cleus, if not over the whole intemode. In the fibres 
of adult animals no protoplasm can be demonstrated, 
except close to the nucleus. 

The neurilemina is not certainly known to have 
any structure. At each of Ranvier's constrictions it 
presents an annular thickening, through which the 
axis cylinder passes. 

Nerve fibres vary a good deal in thickness. It 
has been found that the longer the fibre is from its 
origin to its termination, the greater is its diameter 
(Schwalbe). 

II. Tbe nron-medollated nTerve Fibres : 

The non-medullated nerve fibres, or the fibres off 
Remak, occur most abundantly in the branches of 
the sympathetic, but also, in less number, in the 
cerebro-spinal nerves. This is owing to the nume- 
rous communications between the sympathetic and 
cerebro-spinal systems. To the same cause is due 
the presence, in considerable numbers, of medul- 
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lated fibres in the trunk and branches of the sym- 
pathetic. 

The Remakian fibres appear as threads of various 
thickness. They present a more or less distinct 
longitudinal striation, indicating that they are com- 
posed of fibrils, which are held together by ce- 
menting substance. The fibres are surrounded by a 
neurUeniiiia* Ranvier has pointed out the very 
remarkable fact that the non-medullated fibres do 
not run an isolated course, as do the medullated 
fibres, but that they branch and anastomose freely 
with one another, and in fact form a plexus with 
narrow meshes, elongated in the direction of the 
trunk of the nerve. Situated under the neurilemma 
and generally at the points of division of the fibres 
are oval nocdel, surrounded by a small quantity of 
protoplasm. The nuclei are more numerous and not 
so regularly arranged as in the medullated fibres. 

The non-medullated fibres have, of course, no 
double outline, and are not blackened by osmic 
acid. 

III. The ivliite substance of the brain and 
spinal cord consists mainly of nerve fibres, which 
are distinguished by the absence of a neurilemma, 
while they possess an axis cylinder and white substance 
of Schwann. Hence these fibres want firmness, and 
cannot be isolated for any length, in consequence of 
their softness. They appear when torn up as short, 
varicose, double- contoured threads, or as quite irre- 
gular fragments, although when in their natural state 
they are cylindrical fibres, like those of the medul- 
lated nerves. It is not known that they possess either 
constrictions or nuclei. 

At their peripheral extremities the nerve fibres lose 
their white substance, and the axis cylinders termi- 
nate either in peculiar structures, which are called 
end organs, or, becoming reduced by repeated di- 
visions to extreme fineness, they form plexuses, and 
terminate either in net^i^orks, or by iiree ends. 
These terminal axis cylinders are 'naked'; that is, 

I 2 
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they have no coverings, but have lost not only their 
myeline, but also their neurilemma' and their connec- 
tive tissue sheaths. 

Before the medullated fibres lose their myeline 
they commonly branch pretty freely. One fibre may 
divide into two or more, the division invariably 
occurring at one of Ranvier's constrictions. Since 
near the termination of the fibres the branching is 
frequent, the intervals between the constrictions are 
here necessarily much shorter than along the course 
of the fibre, but up to the last each internode pos- 
sesses a nucleus. 

The nerve fibres, when they do not run singly, are 
always arranged in bundles. The smaller nerves 
consist of only a single bundle, but the large trunks 
are composed of several, and these bundles are the 
threads, of which with the naked eye the nerves are 
seen to be composed. The bundles are held together 
by connective tissue, which does not differ materi- 
ally from the areolar tissue of neighbouring parts, 
with which it is continuous. It consists of fibrous 
and elastic tissue, in which are situated flattened 
cells, fat, and very commonly large, coarsely granular 
plasma cells. This connective tissue, which sur- 
rounds the whole nerve trunk, and passes in between 
its bundles, is called Epinenrimii. 

Surrounding each bundle of fibres is a peculiar 
sheath, which is composed of a number of lamellae, 
and is called Peiineorium. Each lamella con- 
sists of a layer of connective tissue, with elastic 
fibres, and is covered by flat cells, resembling an 
endothelium. The lamellae frequently communi- 
cated with one another by oblique processes, and in 
the larger bundles the lamellar sheath commonly 
sends septa, consisting of several lamellae, into the 
bundle, which is in this way divided into secondary 
or tertiary bundles. The bundles of which a nerve 
trunk is composed are of various sizes, and generally 
the larger the bundle the thicker the perineural 
sheath. As the bundles become smaller by division 
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the perineurium becomes reduced to fewer and fewer 
lamellae, until in the smallest bundles it consists only 
of a single layer of homogeneous connective tissue, 
with flattened cells on its inner surface. It lies at 
some little distance from the nerve, and is continued 
even on the individual fibres up to near their ter- 
mination. This sheath, consisting of only a single 
layer, is called tbe Sbeaili of Heule. 

The spaces between the lamellae of the perineurium 
can be injected from the subdural and subarachnoid 
cavities of the brain and cord, and must be con- 
sidered as l3rmphatic channels. 

Inside the perineuriiun, and between the nerve 
fibres, is a very delicate tissue, called the SSndo- 
nenriom. It consists of bundles of extremely fine 
connective tissue, which run parallel to the direc- 
tion of the nerve fibres, and which have at intervals 
flat connective tissue cells lying on their exterior. 
There is neither elastic tissue nor fat in the endo- 
neurium. 

Blood-vessels penetrate the perineurium, and form 
among the nerve fibres a network of capillaries, with 
elongated meshes. The vascularity of nerve trunks, 
however, is not very great. 

We shall here describe the way in which the 
nerves terminate in the three varieties of muscular 
tissue. Other nerve endings will be noticed in sub- 
sequent chapters. 

I. In the smooth muscular tissue the nerves form 
a plexus, from which branches come off which form 
a finer plexus, and finally a terminal plexus is formed, 
consisting of non-medullated fibres, which run be- 
tween the muscle cells composing the bundles of the 
tissue. From these fibres minute filaments are de-> 
tached, and terminate on the surface of the muscle 
cells by slightly swollen ends (Jaches motrices), which 
in profile view appear slightly conical, but seen from 
the surface, often present a number of little lobes. 
The nerves, distributed to smooth muscle, are com- 
monly derived from the sympathetic, and the plexuses 
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have in connexion with them groups of ganglionic 
cells. 

II. The exact mode in which the nerves terminate 
in the tissue of the myocardium cannot yet be con- 
sidered as certainly known. Numerous ganglia occur 
on the course of the nerves in the auricles, and in 
the neighbourhood of the auriculo-ventricular junc- 
tion ; but nerve cells have not been demonstrated 
in the walls of the ventricles. The nerves ultimately 
form a network of extremely minute non-medullated 
fibres, which corresponds somewhat to the shape 
and size of the cells of which the muscular tissue is 
composed. From Ranvier's observations it -would 
appear that the muscle cells do not lie in the meshes 
of this network, but that the threads composing it 
pass through the axis of the muscle cells, which are 
thus, as it were, strung on the nerve fibres as beads 
are on a string. These observations require con- 
firmation. 

A more recent investigation would show that from 
a very abundant plexus, terminal' fibres come off, and 
end in the muscle cells by little swellings, resem- 
bling closely the taches moirices of the smooth muscle. 
Each muscle cell receives one nerve fibre (Open- 
chowski). 

III. In the striated muscles three kinds of nerve 
terminations are known, and it is probable that 
others exist. 

I. In insects the nerves are all non-medullated. 
One or more fibres, contained in a common sheath, 
come to terminate in the muscle fibre. The nerve 
sheath becomes continuous with the sarcolemma, 
spreading out over a conical eminence (eminence of 
Doy6re) of granular matter, which contains several 
nuclei, and rests by its base on the striated muscu- 
lar substance. Into the apex of this cone the nerve 
fibres pass, and breaking up into minute fibrils, are 
lost to view. It has been ztfiirmed recently that the 
fibrils terminate by becoming continuous with the 
thin discs of the contractile substance, or Krause's 
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membrane (Fottinger) ; but this statement still wants 
confirmation. Each muscular fibre possesses seve- 
ral terminal eminences. 

2. In frogs and other tailless batrachians the 
medullated nerve fibres, as they approach their ter- 
mination in the muscles, branch very freely, the 
divisions occurring always at a constriction of Ran- 
vier. Each fibre terminates finally by dividing into 
a number of branches {buisson terminale), which 
ramify up and down on the surface of the primitive 
muscular bundle which the nerve supplies. The 
primary branches of this ramification retain their 
myeline, and are surrounded by the sheath of Henle. 
This latter becomes continuous with the sarcolemma, 
and beyond this point of junction the branches of 
the nerve are non-medullated, and lie in immediate 
apposition with the contractile substance beneath 
the sarcolemma. At what point the neurilemma of 
the nerve fibre is lost is not certain. Associated 
with the terminal ramifications of the nerve are oval 
nuclei. 

Transitional forms between the tjrpical ramifica- 
tion of the amphibia and the end plates of the 
higher animals have been recently described as 
occurring in frogs (Bremer), and are readily seen in 
good preparations. 

3. In the muscles of reptiles, fishes, birds, and 
mammals the termination of the nerves is different 
from that in amphibia. Here the nerve fibre, after 
repeated divisions, still retaining its myeline and 
sheath of Henle, approaches its termination. The 
sheath of Henle becomes continuous with the sarco- 
lemma. The myeline disappears, and the axis cylin- 
der breaks up into a bunch of processes. These 
vary in thickness from point to point, and give off 
numerous secondary branches, which correspond in 
structure and arrangement to the primary divisions. 
They all terminate by slightly rounded ends. The 
whole forms a very elegant figure, of a round or oval 
shape. It lies beneath the sarcolemma, and is sur- 
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rounded by a variable quantity of granular matter, 
containing nuclei. Whether it lies in immediate 
contact with the contractile substance, or is sepa- 
rated from it by some of this granular matter, is 
a subject on which different opinions are held. Be- 
sides the nuclei of the granular matter, there are 
others, which belong to the nervous ramification 
itself, and which are probably the nuclei of the 
nerve fibres; and, again, others which are situated 
on the deep surface of the expansion of the sar- 
colemma and sheath of Henle, which covers the 
whole terminal structure. The fate of the neuri- 
lemma is here, as in the case of the frog, uncertain. 
This form of nerve termination is called a motor 
end-plate. Ranvier proposes arborisation terminale as 
a more suitable designation. 

In the frog and other mammals two nerve fibres 
frequently take part in the formation of one terminal 
organ. The terminal organs on neighbouring muscle 
fibres are sometimes united by nerve twigs. This is 
not uncommon in the tongue of the frog and lizard 
(Bremer. Ranvier). 

Besides the above terminations, which are all those 
of motor nerves, another has recently been desccibed 
under the name of terminal umbel (Enddolde), from 
its resemblance to the inflorescence of that name. 
It is in connexion with nerves which, from their 
fineness and other characters, are supposed to be 
sensitive (Bremer). The fibre terminates under 
the sarcolemma by breaking into a number of di- 
verging branches, which form the mnbel-like figure, 
and terminate each in a little rounded enlargement. 

C^anglia : 

Besides the ganglionic cells, which form the 
most important constituent of the grey matter of the 
brain and cord, numerous nerve cells exist in the 
peripheral parts of the body in connexion with the 
nerve trunks. Some are in connexion with the 
branches of the sympathetic, others with those of 
the cerebro-spinal, nerves. The cells sometimes lie 
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singly or in groups of only microscopic size ; in other 
cases they exist in large numbers, and form masses 
of considerable dimensions. 

In the larger ganglia the cells lie in rows and 
groups of various shapes between the bundles of 
nerve fibres which traverse them. 

The smaller ganglia may lie altogether at one side 
of a nerve, or may be enclosed between its fibres. 

Ganglionic cells are of various dimensions, but are 
usually large. They have a finely granular proto- 
plasm, and a large, clear nucleus, with very distinct 
nucleolus. Their shape is various — oval, pyriform, 
round, or stellate. 

Each cell is commonly enclosed in a sheath, which 
is composed of flattened endothelioid plates. There 
is sometimes an evident space between the cell and 
its sheath, supposed to be of a lymphatic nature. 
Two or more cells may lie in a common sheath. 

Ganglionic cells are in connexion with nerve fibres 
by their processes — in fact, the nerve fibres are only 
the greatly elongated processes of the ganglionic 
cells either of the brain and cord or of the peri- 
pheral ganglia. 

Ganglionic cells are commonly divided, according 
to the number of processes which they possess, into — 
I. Apolar, 2. Unipolar, 3. Bipolar, and 4. Multipolar, 

Apolar cells probably do not exist except as 
imperfectly developed structures. In the course of 
microscopic manipulation a cell may readily have its 
processes torn off, and may thus come to appear as 
if it were apolar. 

Unipolar cells are most common in all the gan- 
glia of the cerebro-spinal nerves. In the ganglia on 
the posterior roots of the spinal nerves, the Gasserian 
ganglion, the ganglia on the roots of the pneumo- 
gastric and glossopharyngeal, the geniculate gang- 
lion of the facial and the ganglion of the auditory 
nerve, each cell sends off a single process. This soon 
becomes clothed with white substance, and joins one 
of the nerve fibres, which traverse the ganglion, form- 
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ing with it a sort of T-shaped figure. The junction 
occurs at a Ranvier's constriction (Ranvier. Retzius). 

This arrangement explains the fact that the number 
of fibres in a spinal nerve root experiences neither in- 
crease nor diminution in traversing the ganglion. If 
the processes of the cells of the latter passed in either 
direction, the number of fibres at the proximal side of 
the ganglion should differ from that at the distal side. 

There are in many places unipolar cells whose con- 
nexion with nerve fibres is direct, not by a T-shaped 
junction. 

Bipolar cells present themselves under different 
forms. Sometimes they are oval, the processes pass- 
ing off from opposite ends. The cell then appears 
as a swelling of the axis cylinder on the course of 
the nerve fibre. The neurilemma passes over the cell, 
but the myeline is interrupted. Cells of this kind are 
common in fishes, and occur in the spiral ganglion 
of the cochlea of mammals. A very remarkable va- 
riety of bipolar cells exists in the sjonpathetic system 
of frogs, and less abundantly in other animals. The 
cell is p3niform, and the two processes come off close 
together. One process runs a straight course, while 
the other is twisted around it in a spiral. These cells 
were discovered almost simultaneously by Beale and 
Arnold, and are consequently called the Beale-Arnold 
cells. 

MuMpolar cells are very common, and occur 
abundantly in the sympathetic ganglia, to which seem 
to belong the otic, sphenopalatine, submaxillary, and 
ciliary ganglia (Retzius). 

In all ganglionic cells, whether central or peri- 
pheral, the cell substance, more particularly at its 
outer part, presents a fibrous appearance, and it can 
often be seen that the fibres pass into the processes 
of the cell, and become continuous with the axis 
cylinders of the attached nerve fibres. 

I. When fibres of a nerve bundle are to be isolated, it is 
necessary to divide the perineural sheath. When this is accom- 
plished, the fibres will separate from one another with facility, 



NERVE TISSUE. 123 

since the fibres of the endoneurium run parallel to the nerve 
fibres, and consequently do not hold the latter together. ^ The 
larger bundles of a nerve trunk are easily seen, and the perineu- 
rium may be divided with fine scissors or a sharp scalpel. A 
more ready way, however, is to fix the piece of nerve, which 
should not be more than a few millimetres in length, at its end 
with one needle, and with another, starting from the same point, 
to tear through the nerve bundle in its length. It will then be 
easy with a few touches of the needle to separate a sufficient 
number of fibres. This should be done on a dry slide, keeping 
the preparation moist with the breath. Then a drop of salt 
solution is placed on the cover-glass, and the preparation 
covered. 

The nerve fibres will be seen. They are of very variable dia- 
meter. In many the coagulation phenomena will be visible, and 
the fibres will present irregular markings on their surface, due 
to the alterations of the myeline. Others will be altered in this 
way only in the neighbourhood of their cut ends, and in the rest 
of their course will show the normal smooth outunes and double 
contour. Ranvier's constrictions will be very distinct, and it 
will be seen that the double outline is interrupted at these 
points. Lanterman's notches also will be seen more or less 
clearly. In some points the nuclei may be discovered. They 
will be seen only if they present themselves in profile, when the 
double outline on one side will be seen to be aeflected towards 
the axis of the fibre, leaving a space between its exterior and 
the neurilemma. On careful examination this space wiU be seen 
to contain a very finely granular substance, which is the nucleus 
and surrounding protop&sm. After a time, coagulation changes 
will invade all the fibres. 

2. A preparation of fresh nerve fibres is made, and examined 
in distilled water. From the cut ends of the fibres the myeline 
wiU be seen to flow out in a rapid current, forming irregularly- 
shaped figures, with double outhnes, and often concentric mark- 
ings. In the fibre, near the point of efflux, the myeline will be 
seen to present a streaky or granular appearance, and to consist 
of several concentric layers, which move with diiferent rapidity 
towards the end of the fibre ; but further from the cut end it 
will have its smooth contour, and will be seen to move alto- 
gether. Lanterman's notches move with the myeline, and in 
favourable objects this can be seen to force its way through the 
narrow points of Ranvier's constrictions. In certain points of 
the fibre the axis cylinder wiQ be very distinct, and the whole 
appearance of the preparation demonstrates the presence of the 
firm neurilemma, whicn holds in the swelling mydine, and allows 
it to protrude ordy at the cut end of the fibre. 

3. A small piece of fresh nerve is placed in one percent, osmic 
acid for twenty-four hours. If the nerve be thin, as the sciatic 
of the frog, it may be simply divided transversely into segments; 
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but if thicker, it must be separated longitudinally into its bundles, 
as osmic acid does not penetrate. A few minutes after being 
placed in the osmic acid, the nerve becomes quite black. After 
twenty-four hours the nerve is washed in water, and the fibres 
are isolated. Since they are very brittle, the best way to pro- 
ceed is to place the piece of nerve in a saucer of water, and to 
divide its perineurium under the fluid. Some of the fibres will 
float out, and will be easily seen as fine black threads. A clean 
slide is then dipped into the water, and the fibres floated on to 
its surface. The slide is then taken out of the water, dried, the 
fluid removed from about the fibres with filter paper until they 
are sufficiently dry to cohere slightly to the slide, a small drop 
of glycerine placed on the cover-glass, and this placed on the 
preparation. 

The fibres are black, with a broad, dark margin, and a lighter 
centre. Ranvier's constrictions are very distinct, as the black- 
ness ceases at the narrow part. Across the bright interval the 
axis cylinder can be seen to extend, and, particularly in frog*s 
nerves, at the point of constriction there will be noticed a fine 
granular line extending transversely across the axis cylinder, and 
projecting beyond it at both sides. This has been variously ex- 
plained. It is probably a thickening of the neurilemma through 
which the axis cylinder passes. Lanterman's notches are d&- 
tinct. The nuclei appear as colourless depressions in the side 
of the fibre, filled by a finely granular substance. 

Cross sections of a nerve stained in osmic acid will show the 
myeline of each fibre as a black ring enclosing the colourless axis 
cylinder. 

After a prolonged stay in osmic acid, nerve fibres cannot be 
stained in picrocarmine. If, however, the fresh fibres be sepa- 
rated in a drop of osmic acid solution, and immediately washed 
in distilled water, they may be stained in picrocarmine, and 
mounted in glycerine. The nuclei and, in favourable prepara- 
tions, the axis cylinders are stained red. Also the nuclei of the 
endoneural cells, which, with their fine fibres, may be seen in 
places lying between the nerve fibres. The myeline of the latter 
IS black. In places the axis cylinder may be seen projecting 
beyond the broken end of a fibre, or extending across a break 
in the myeline. These fractures in the myeline are transverse, 
with sharp edges; neither rounded, like Ranvier's constriction, 
nor oblique, like Lanteman's notches. A little experience and 
care will enable the diagnosis to be always readily made. 

Osmic acid preparations may be mounted permanently. 

4. A piece of the sciatic nerve of a frog is placed for twenty- 
four hours in alcohol, in a stoppered bottle, then boiled for 
ten minutes in alcohol, and finally placed for twenty-four hours 
in ether. The fibres, isolated with needles, may be examined 
in water; or stained with eosine, logwood, or aniline violet, and 
mounted permanently in glycerine. The place of the white 



NERVE TISSUE. 125 

substance wiU be seen to be occupied by a beautiful and regular 
network. The axis cylinder will be seen in the centre of the 
fibre. 

5. A piece of fresh nerve is torn up in a drop of half per 
cent, solution of nitrate of silver. The silver solution is washed 
away with distilled water, and a drop of glycerine and a cover- 
glass applied. After the preparation has been for some time 
exposed to the light it becomes brown. Then at each constric- 
tion of Ranvier the granular transverse line, described above 
(3), and a short portion of the axis cylinder at each side of it, 
are stained brown or black, the whole figure being that of a 
rectangular cross, with short arms. This shows that the axis 
cylinders are accessible to the reagent only at Ranvier's con- 
strictions. A brown transverse striation is sometimes seen in 
places on the axis cylinder. The explanation of this very incon- 
stant appearance is doubtful. 

6. A piece of the sympathetic nerve of a rabbit is torn up in 
a drop of osmic acid solution, washed, stained in picrocarmine, 
and mounted in glycerine, as described in 3. Numerous medul- 
lated nerve fibres are seen, mostly of very small diameter. In 
these the nuclei are relatively large, and as they cause a bulging 
of the fibres, they are very readily seen. Besides, there are 
large numbers of non-meduUated nbres, which, if the prepara- 
tion be successful, appear as streaky bands, dividing and anas- 
tomosing, so as to form a network, with narrow and elongated 
meshes. They have a yellowish colour from the picrocarmine, 
but are not blackened by the osmic acid. They present nume- 
rous oval nuclei, stained red, and occurring commonly at the 
points of division of the fibres. 

7. A small fragment of the white substance of the brain or 
cord is torn up in a drop of salt solution, and covered, the 
cover-glass being slightly pressed, so as to flatten the tissue. 
Numerous short varicose threads are seen. They have a double 
contour, which is generally continued over their extremities, the 
myeline having coalesced over the ends of the axis cylinders. 
Irregular-shaped figures, also with double contours, and con- 
sisting of masses of mveline, are present. 

8. A preparation of the cornea of a rabbit or frog which has 
been stamed in chloride of gold should be examined. The fine 
varicose threads stained black are terminal nerve filaments, or 
naked axis cylinders. A detailed description of the nerves of 
the cornea will be given subsequently. 

9. The branching of medullated nerve fibres may be beauti- 
fully seen in the muscles of the thigh of a frog. Fragments of 
the fresh muscle torn up in salt solution give good results ; but 
to make permanent preparations the best method is as follows : 
With a hypodermic synnge, which should have a gold cannula, a 
few drops of a one per cent, osmic acid solution are injected into 
the substance of one of the thigh muscles of a recently-killed frog. 



126 MANUAL OF HISTOLOGY. 

After a few minutes pieces are cut with scissors from the interior 
of Uie muscle, and are gently torn up in water on the slide. 
The preparation should be examined from time to time with 
a low power, and when a good piece is got, it should be 
covered with a large drop of picrocarmine, and placed in the 
moist chamber for twenty-four hours. Then the picrqcarmine 
is removed by a drop of water, and a drop of glacial acetic acid 
is applied. The excess of this is carefully taken away, and the 
preparation finally mounted in glycerine. In successful prepa- 
rations the frequent branching of the nerve fibres is seen, and it 
will be observed that the division always occurs at a constriction 
of Ranvier. These constrictions occur at short intervals, and 
the reddened nuclei can be well seen, one midway between 
every two constrictions. Surrounding the nerve fibres at some 
little distance will be seen the sheath of Henle, appearing as a 
fine line on each side of the fibre, with spindle-shaped nudei 
placed at intervals on its inner surface. The muscular fibres 
will be of an orange colour, the nuclei red. 

10. A piece of the sciatic nerve of a doe, or of one of the 
larger nerves of man, is hardened for ten days in quarter per 
cent, chromic acid, and subsequently in alcohol. Before bemg 
removed from the body the piece of nerve should be tied at both 
ends to a piece of wood, so as to prevent shrinking and the dis- 
placement of the fibres. Transverse sections through the whole 
nerve are made, and stained in logwood, cochineal, or picro- 
carmine, and mounted in Canada balsam. With a very low 
power each nerve-bundle appears as a more or less circular figure, 
surrounded by a deeply-stamed ring (perineurium). Connecting^ 
these bundles togetner is loose areolar tissue (epineurium), in 
which large blood-vessels, and possibly fat, may be seen. With 
a higher power, in the interior of each bundle will be seen the 
cross sections of the nerve fibres, each appearing as a circle 
(neurilemma), with a stained dot (axis cylmder) in its centre, 
from which it is separated by a colourless interval (myeline). 
Between the nerve fibres is seen a faintly dotted or homogeneous 
matter, with round or oval nuclei here and there (endoneurium). 
Blood-vessels will also be seen cut across in the larger bundles. 
Surrounding each bundle is the perineurium, consisting of con- 
centric lamellae, with intervals between, and having on their 
surfaces spindle-shaped nuclei, which are the profile view of the 
flattened nuclei of the endothelium. Processes from the peri- 
neurium often pass across the larger bundles, dividing them into 
secondaiT or tertiary fasciculi. Outside the perineurium is seen 
the areolar tissue of the epineurium. Very beautiful prepara- 
tions may be got by staining a cross section of a nerve first in 
logwood, then in an alcoholic solution of eosine, and mounting 
in Canada balsam. The axis cylinders are red ; the nuclei of 
the endoneurium and of the perineurium blue the lamellae of 
the latter red. 
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11. If a very small nerve, consisting of a single bundle, and 
whose perineurium is composed of oiSy one or a few lamellse, 
be stained with nitrate of silver, and mounted in glycerine, a 
beautiful and regular endothelial marking is visible on its sur- 
face. This is due to the endothelial cells, which line the peri- 
neural lamella. At the same time the crosses, 5, on the nerve 
fibres may be seen. 

Suitable nerves for this observation are the lateral branches of 
the intercostal nerves of rats or mice (Ranvier). The skin is 
divided in the middle line in front, and drawn away from the 
body at each side. The fine nerves will be seen perforating the 
intercostal spaces, and extending to the skin. They should be 
cleared with a needle from adhering connective tissue, and wh^e 
the skin is held away from the body, so as to keep the nerves on 
the stretch, the nitrate of silver is dropped over them from a 
pipette. They are then carefully removed, and placed in a 
saucer of water, floated on to the sUde, mounted in glycerine, 
and exposed to the light until they are brown. 

12. A S3rmpathetic ganglion of rabbit, dog, or man, and a 
spinal ganglion, hardened in Miiller's fluid for a fortnight, and 
then in alcohol, are cut. The sections should be longitudinal 
and transverse, stained in logwood, and mounted in Canada 
balsam. The cells are seen, lying in rows and groups, with the 
nerve fibres between. Each cell has a large nucleus, and lies in 
a sheath, in which flattened nuclei can be seen. The cell will 
probably have shrunk, so as no longer to fill completely its 
sheath, and shallow depressions may be seen on its surface, 
corresponding to the nuclei of the endothelial cells of its cap- 
sule. The processes of the cells will not be seen in such 
sections. 

13. A sympathetic, or spinal, or Gasserian ganglion, divided 
into small pieces, is placed in Miiller's fluid and water, equal 
parts, for twenty-four hours ; then torn up in water or glycerine. 
Or, still better, with a hj^odermic syringe an injection of one 
per cent, osmic acid is made into the substance of the fresh 
ganglion, which is then placed in water, and cut into small pieces, 
which are torn up in water or glycerine. The isolated cells will 
be seen, some still Ipng in their capsules (the cellular structure 
of which is very distinct), some naked. In fortunate prepara- 
tions the processes of the cells may be seen here and there. In 
the sympathetic ganglia several processes may adhere to one 
cell, but in the Gasserian and spinal ganglia there will never be 
more than one process. It is possible, but not very likely, that 
in osmic acid preparations this process may be followed to its 
T-shaped junction with a nerve fibre. Divisions of nerve fibres 
in spinal ganglia are, however, commonly seen in osmic acid 
preparations. In the sympathetic ganglia of the rabbit most of 
the nerve-cells have two nuclei. 

It will be noticed in the ganglia which have been for some 
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time in Miiller's fluid, that the myeline of the nerve fibres has 
become brittle and readily crumbles away, leaving the axis cylin- 
ders exposed for a considerable distance. Tom- up preparations 
of ganglia, if successful, may be mounted permanently in gly- 
cerine. 

Preparations of ganglion cells with spiral fibres, and of peri- 
pheral ganglia shoiHd be examined. They are rather difficult to 
make. Subsequently, in examining sections of the different 
organs, groups of ganglion cells will be frequently met with. 

The termination of the nerves in muscle are best seen in 
preparations stained with chloride of gold. The method is 
too difficult for beginners. Preparations, however, should be 
examined. 

Directions for staining with chloride of gold will be given in 
the Appendix. 
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CHAPTER VIII. 

BLOOD-VSSSELS. 

The blood-vessels consist of the heart, arteries, ca- 
pillaries, and veins. The muscular tissue of the heart 
has been already described. The heart is covered 
externally by the pericardium, a serous membrane 
composed of fibrous and elastic tissue, covered by an 
endothelium whose cells are very irregular in shape. 
Under the pericardium there is found in places a 
considerable quantity of fat. 

The endocardlom lines the interior of the cavi- 
ties of the heart. It is continuous with the internal coat 
of the blood-vessels. It consists of a layer of spindle- 
shaped endothelial cells, under which is a tissue of a 
fibrous appearance, containing flattened cells, and 
mixed with elastic tissue and bundles of smooth 
muscular fibres. Below this is ordinary connective 
tissue, in which ramify vessels and nerves. The 
TalTes are composed of fibrous tissue, with flat- 
tened cells, and an elastic network. They contain 
numerous blood-vessels. The cordUB tendlnen 
are formed of fibrous tissue, and are covered by en- 
dothelium, as are the valves. The tissue of the heart 
is supplied abundantly with blood-vessels and nerves. 
The lympliatles, which originate in the split-like 
spaces between the muscular bundles, are continued 
into a close plexus of vessels under the pericardium. 

I. Arteries : 

The structure of the arteries differs greatly accord- 
ing, to their size, but they all have three coats, 

which are called the internal, middle, and external, 
or tunica intima, tunica media, and tunica adventitia. 

K 



I30 MANUAL OF HISTOLOGY. 

In the irery large arteries, as the aorta, iliacs, 
carotids, tbe internal coat consists of a layer of 
spindle-shaped endothelial cells, the long axis of the 
cells being in the direction of the axis of the tube. 
Under this is a tissue of a fibrous structure, mixed 
Mrith fine elastic networks, and containing branched 
and flattened cells. 

Tbe midille coat consists mainly of elastic 
tissue, in the form of numerous laminae, perforated 
with holes (fenestrated membranes), and arranged 
concentrically around tbe vessel. These laminae 
communicate freely with one another by fibres and 
bands passing from one to the other, so that the 
whole forms a coarse network, with wide meshes. 
The internal and the external lamellae are stronger 
than those lying between. 

The interspaces in the elastic tissue are filled up 
by a homogeneous or faintly fibrous connective tissue, 
in which are embedded stunted smooth muscle-cells, 
whose direction is at right angles to the length of the 
vessel. In the aorta and some other arteries mus- 
cular fibres occur, which are arranged longitudinally 
and obliquely. 

Tbe external coat consists of ordinary connec- 
tive tissue, in which is contained an abundant elastic 
network. 

In middle-sized arteries, from the femoral 
and brachial downwards, the internal coat is 
the same in structure as in the large arteries, but 
it is thinner. It is separated from the middle coat 
by a perforated elastic membrane, called the in- 
ternal elastic lamina. The middle coat is 
formed almost entirely of smooth muscular fibres 
arranged transversely. Between them is a certain 
quantity of connective tissue and an elastic network, 
but these diminish as the arteries become smaller, 
and instead of forming the great bulk of the middle 
coat, as they do in the main trunks, they are here 
quite subordinate to the muscular element. 

An elastic membrane, the external elastic 
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lamina, separates the middle from the external 

coat, which consists of areolar and elastic tissue. 

Small Arteries. — As the arteries become smaller, 
all their coats diminish in thickness, retaining, how- 
ever, the same constitution as before. When we reach 
the very small arteries, or arterioles, we find the 
internal coat reduced to the endothelium and a 
thin subjacent elastic membrane or network: the 
middle coat consists of a single layer of smooth 
muscular fibres, which are arranged so that their 
nuclei do not follow each other in one straight line, 
but run in a spiral around the tube : the external 
coat is composed of a small quantity of connective 
tissue and of elastic fibres. 

n. The capillaries have a simpler structure than 
any other part of the vascular system. They consist 
of a single layer of elongated endothelial cells, ce- 
mented edge to edge, so as to form a tube. The 
existence outside this of a homogeneous membrane 
is doubtful. In some parts connective tissue cells 
form a sort of outer coat to the capillaries, and have 
been named perithelium. The capillaries anasto- 
mose freely with one another, so as to form net- 
works, loops, &c., whose shape and arrangement 
differ in the different tissues and organs. 

in. Tbe veins are much thinner, and generally 
more capacious than the corresponding arteries, from 
which they differ materially in the structure of their 
coats. There is also very great variety in the struc- 
ture of different veins. 

It is usual to describe veins as having, like arteries, 
three coats, but since no sharp distinction exists be- 
tween the two outer tunics, it is much better to follow 
Ranvier in describing the veins as consisting of only 
two coats. 

The endothelium is composed of cells, which are 
shorter and broader than those in the arteries. In 
the smaU veins the cells rest on a scanty elastic 
network, outside which is connective tissue, in which 

K 2 
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the muscle cells are few and scattered, and do not 
form a continuous layer, as in the arteries. 

In the larger veins the endothelium rests on a 
fibrous layer, with flat cells, similar to that which 
forms the internal coat of the arteries, but thinner 
and containing less elastic tissue. Outside this is an 
elastic network, corresponding to the internal elastic 
lamina of the arteries, and then follows the outer 
coat, whose composition varies. Its basis consists 
of elastic networks and connective tissue. In this is 
embedded smooth muscular tissue, whose fibres are 
arranged circularly, longitudinally, or both. It is 
not uncommon to find a layer of circular muscular 
fibres immediately under the intima, and numerous 
longitudinal bundles of fibres further out in the con- 
nective tissue. In some veins longitudinal fibres 
only occur ; in others transverse only ; in others 
a transverse layer between two longitudinal ; while 
some veins are altogether wanting in muscular tissue. 
The veins of the lower extremities have thicker and 
more muscular coats than those of the upper ex- 
tremity and head and neck. In the pulmonary veins 
transversely striated muscular tissue occurs, con- 
tinued from that which forms the wall of the auricle. 
The valves in the veins are formed of a duplicature 
of the internal coat. 

The larger arteries and veins are themselves sup- 
plied with blood-vessels, the vasa vasorum. These 
run in the adventitious coat, but do not penetrate the 
intima or media. iLympliatlcs also are present in 
the external coat. The blood-vessels are accompa- 
nied by nerves, which form plexuses in their walls, 
and which terminate in the muscular fibres of the 
middle coat. On the walls of the capillaries the 
nerves terminate by small knob-like swellings (Bre- 
mer). 

I. The smaller blood-vessels can be examined as a whole, but 
sections have to be made through the coats of the larger arteries 
and veins. 

The omentum is removed from a recently-killed rabbit, and 
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placed for some days in Miiller's fluid, and then well washed in 
water. Pieces containing vessels which can be seen are cut out, 
stained in logwood or picrocarmine, and mounted in glycerine, 
following the directions given previously for putting up mem- 
branous structures. The capillaries appear to be 1x>unded on 
each side by a fine line, on which occur at intervals spindle- 
shaped nuclei, with their long axis parallel to that of the vessel. 
These are the nuclei of the endothelial cells. Tracing the tube 
towards the arterial side, it is seen to gain a layer of transversely- 
disposed muscular fibres, whose elongated nuclei he at rignt 
angles to those of the endotheUum. On focussing down, so as- 
to see the edge of the artery distinctly, the muscular nuclei 
appear as round points, sometimes at one side of the artery, 
sometimes at the other. This is due to the fact that the nuclei 
are not disposed in one line, but form a spiral around the vessel. 
Inside the muscular coat a shining membrane, wrinkled longi- 
tudinally, will be seen, the internal elastic lamina. Outside all 
is a layer of connective tissue, whose bundles run for the most 
part longitudinally, and whose outer limit is badly defined. 

The veins show the oval endolheUal nuclei distinctly; no 
distinct internal elastic lamina ; few and scattered muscle cells, 
but a well- developed external coat. 

In many places the veins and arteries run side by side, so that 
they can both be brought into view together, and their structure 
compared. Communications between arteries and veins by a 
dense and complicated network of capillaries occur in many 
places in the omentum of the rabbit. The meshes of the net- 
work are occupied by numerous cells, resembling l)maph cor- 
puscles. Such places appear in the fresh membrane as whitish 
semi-opaque patches. 

2. The blood-vessels of a recently-kOled animal are washed 
out with a current of distilled water, and then injected with a 
half per cent, solution of nitrate of silver, which, after it has 
remamed for some minutes in the vessels, is washed out with 
water. Transparent parts, as the mesentery, omentum, &c., 
are removed, and exposed to the light in dilute alcohol. The 
vessels soon appear as brown streaks. Portions may be then 
cut out, and mounted in glycerine. If it is desired to see the 
nuclei, the piece of membrane must be stained in logwood or 
picrocarmine after the silver has acted. 

The endotheUum of the vessels is marked out by fine black, 
generally sinuous hnes. In the arteries the cells appear as very 
narrow, elongated figures. Their narrowness is in great part 
due to the contraction of the muscular coat under the stimu- 
lus of the injection. In the veins the cells are broader and 
shorter ; in the capillaries irregular, one cell frequently reaching 
around the whole circumference of the tube. Between the 
larger cells smaller figures are sometimes seen, which have no 
nuclei, and whose nature and import are doubdul. The inter- 
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cellular lines present in the capillaries and small veins thicken- 
ings here and there, the so-caUed stomata and stigmata. It is 
probable that they are merely precipitates of sUver in little 
accumulations of the albuminous cement-substance. In the 
arteries, besides the endothelial markings, the outlines of the 
transversely-arranged muscular fibres are seen as black lines 
running across the vessel. 

3. Transverse sections of small arteries and veins are constantly 
met with in the examinations of the different organs. The artery 
presents internally a ring of circular or oval dots, the cross sec- 
tion of the endothelial nuclei. The appearance of the endothe- 
lium differs according as the vessel is distended or contracted. 
In the former case the cells are extremely thin, and the nuclei 
flattened ; but when the tube is contracted the cells are much 
thicker (Renaut), the nuclei are round, and frequently project 
into the lumen of the vessel. Outside the endothelium is a 
shining, homogeneous line, which usually surrounds the vessel 
in a wavy course, giving the lumen a stellate form. This is the 
internal elastic lamina. External to this is a thick layer, in 
which spindle-shaped nuclei can be seen. These are the nuclei 
of the muscular fibres of the middle coat, and, together with the 
internal elastic lamina, are most characteristic of an artery. The 
external coat consists of connective tissue, and passes insensibly 
into the surrounding parts. 

The vein has a round or oval lumen, bounding which is the 
endothelium, whose nuclei are distinct. There is no internal 
elastic lamina, but a fine elastic network is continued into the 
parts about. In this network, besides connective tissue, there 
occur, in variable number, scattered muscular fibres, recognisable 
by their nuclei, which appear round or spindle-shaped according 
as the fibres are cut across or longitudinally. In many cases the 
veins appear as little more than a space in the tissue, bounded 
by a ring of endothelial nuclei. The thinness and want of defi- 
nition of the walls, with the absence of internal elastic lamina 
and compact muscular coat, serve always to distinguish a vein 
from an artery in sections. 

^. Owing to the large quantity of elastic tissue in their walls, 
it is difficult to cut sections of the larger vessels, as these sec- 
tions must be extremely thin. They may be cut in the freezing 
microtome, or the vessel may be laid open, and a piece of it 
pinned out on a cork and dried. Very thm sections can then be 
made, if the piece of dried tissue is wedged into a slit in a piece 
of cork. The dry shavings of the vessel may be allowed to swell 
on the slide in a drop of picrocarmine, and, when stained, they 
may be washed in water, and mounted in glycerine containing 
one per cent, of formic acid (Ranvier). The direction of the 
section should be accurately longitudinal or transverse. Longi- 
tudinal sections are most instructive. 

Longitudinal section of a middle-sized artery, such as the 
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hiunan radial. The endothelium has probably been destroyed 
in making the preparation. The internal coat appears as a 
streaky layer, with long, spindle-shaped nuclei, the profile view 
of the nuclei of the flat cells of the intima. A well-defined 
elastic lamina, stained yellow by the picrocarmine, separates the 
intima from the thick middle coat, which consists almost entirely 
of muscular fibres, all appearing here in cross section. The mus- 
cular tissue is bounded extemsdly by a well-defined elastic layer, 
the external elastic lamina, beyond which is the connective tissue 
and elastic networks of the adventitia. 

In a long section of a large artery, such as the human aorta, 
the internal coat is thicker, and contains more elastic tissue, but 
is otherwise similar to that of the radial. The middle coat ap- 
pears as a number of thick, shining lines running parallel to one 
another, and which are sections of the elastic laminas. These 
lines are interrupted here and there where holes occur in the 
laminae, and communicate freely with one another by thick elas- 
tic fibres. The interstices of the elastic framework are occupied 
by a faintly stained, homogeneous connective tissue, in which are 
embedded smooth muscular fibres, which are mostly cut across, 
and appear as round figures. In the aorta of the ox the muscular 
fibres he not only between the elastic laminae, but in places the 
elastic membranes are interrupted by masses of muscular tissue, 
the direction of whose fibres is commonly longitudinal or oblique, 
although most frequently transverse. The system of fenestrated 
elastic lamellae of the middle coat is sharply bounded externally, 
and is followed by the relatively thin adventitia. In consequence 
of the large (quantity of elastic tissue contained both in tne in- 
ternal and middle coats, and the scanty muscular development 
of the latter, the distinction between the two inner tunics is less 
marked in the large arteries than in those of less size. 

In a long section of the inferior Tena cava^ below the 
diaphragm, the thin intima is seen to have a structure somewhat 
similar to that of the arteries. A scanty elastic network, with 
mostly longitudinal threads, takes the place of the internal elastic 
lamina. This is followed by a thin layer of muscular fibres ar- 
ranged transversely. Then the remainder of the wall consists of 
connective tissue, with an elastic network, and in which there run 
anastomosing bundles of longitudinally-disposed muscular fibres. 

In sections of blood-vessels stained with picrocarmine the 
elastic tissue is stained yellow and the nuclei red. Double 
staining with logwood and eosin gives good results. The elastic 
tissue is red, the nuclei blue. 

5. The endothelium of the larger vessels may be shown by 
laying open the vessel, and placing it in one-half per cent, nitrate 
of silver solution, having previously washed any blood away with 
distilled water. After a few minutes the vessel may be removed 
from the silver, washed, and exposed to the light in water until 
the inner surface assumes a brown colour. Portions of the in- 



136 MANUAL OF HISTOLOGY. 

temal coat are then stripped off with forceps, and mounted in 
glycerine, with the inner surface uppennost. 

If a large vessel be acted on witn nitrate of silver after the en- 
dothelium has been removed, there will be brought out in the 
internal coat a beautifid system of branching and anastomosing 
figures, appearing dear on a dark ground. Inese are spaces, and 
are occupied by flat, branching cells, now invisible, out which 
are seen as linear or spindle-^iaped bodies in vertical sections 
through the coats of the vessel. In order to see the appearance 
described, it is essential that the endothelium be removed, which 
can be done by brushing the inner surface of the vessel with a 
camel's hair pencil. Here, as in the case of tendon and carti- 
lage, silver stains the intercellular substance, but leaves the cells 
uncoloured. 

Directions for injecting the vessels with coloured masses will 
be given in the Appendix. 
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CHAPTER IX. 

LYMPHATICS. 

Besides the blood-vessels, there exists another sys- 
tem of tubes in the body, namely, the lymphatics. 
These do not form a closed circuit, like the blood- 
vessels, but arise in the tissues at all parts of the 
body, and converge to two great trunks, which pour 
their contents into the subclavian veins, one on 
each side. They constitute a great drainage system, 
by which waste or superfluous matters are removed 
from the tissues, and conveyed back into the blood. 

Tbe larger lympliatlc Tessels resemble in 
structure the arteries, but their walls are much 
thinner, so that they collapse like veins, which 
vessels they further resemble in possessing valves. 
The endothelium is spindle-shaped, with sinuous 
outlines. The intima consists of connective tissue, 
with a small quantity of elastic tissue. An elastic 
network forms an imperfect internal elastic lamina, 
outside which is a layer of smooth muscular fibres, 
arranged transversely, or somewhat obliquely. Most 
externally is connective tissue, traversed by an elastic 
network. 

Valves occur very numerously in the lymphatics. 
Their structure is similar to that of the venous 
valves, and above each pair of valves the lymphatic 
is dilated, so that the vessel, when distended, has 
not a cylindrical, but a beaded appearance. 

In the smaller lympliatlcss, which usually form 
a network, or plexus, the muscular tissue is scanty,. 
or absent. They possess an endothelium, whose 
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cells have sinuous outlines, a connective tissue coat, 
and numerous valves. These vessels pass gradually 
into the lympb capillaries, whose wall is formed 
of a layer of irregularly-shaped, very sinuous endo- 
thelial cells only, and which have no valves. They 
have very irregular contours, and communicate at 
their peripheral extremity with a system of anasto- 
mosing spaces, which are called the Juice canals 
(Saftkanalchen), or lympli canalicular system, 
and which are the origins of the Ijonphatic system of 
vessels. 

These spaces in the firmer tissues, as tendons, 
fasciae, cornea, bone, &c., have generally the shape 
of the connective-tissue-cells of these parts, and 
are, in fact, the spaces in the cementing material 
in which the connective-tissue-cells lie. These 
connective-tissue-cells may be looked on as an in- 
complete endothelial lining of the lymphatic spaces, 
and the endothelial lining of the lymph capillaries 
can frequently be seen to be continuous with the 
connective-tissue-cells lying in the juice canals 
(Klein). We have already seen these juice canals 
as the clear branching spaces manifested by nitrate 
of silver in tendon, and as the lacunae and canaliculi 
of bone. It is affirmed that in cartilage a similar 
system exists, the spaces which contain the cells 
communicating one with another by fine channels. 
Other examples will subsequently be seen. In the 
loose formless connective tissue the spaces between 
the bundles of fibrous tissue are the origins of the 
lymphatics ; while another origin is to be found in 
the serous cavities, whose communication, by sto- 
mata, with the lymphatics has been already noticed. 

The lymph capillaries often expand, so as to form 
split-like spaces, or lacnnn, which surround 
certain parts, as the alveoli of acinose glands and 
some lymphatic follicles. In many places the blood- 
vessels lie in the interior of lymphatic channels, the 
so-called periTascnlar lympbatii^s. In these 
cases the outer surface of the blood-vessel is covered 
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by endothelium, as well as the opposed surface of 
the lymphatic. These perivascular lymphatics may 
be looked on as split-like enlargements of the lymph 
capillaries, and, as in the other cases mentioned, are 
commonly traversed by connective tissue bands and 
blood-vessels, whose surface is always covered by 
endothelium. 

In the course of the lymphatic vessels from the 
periphery towards the centre there are set numerous 
organs, which are called lymphatic glands, or 
lymphatic ganglia. Simpler bodies of the same 
nature exist in large numbers in connexion with the 
peripheral parts of the lymphatic system. It must 
be carefully borne in mind, that these organs, al- 
though they are called glands, have no ducts, or 
epithelial elements, and differ altogether from the 
true secreting glands; and also that they do not 
secrete the Ijnnph, which is a transudation from the 
blood through the walls of the capillaries. The 
function of the lymphatic glands is only imperfectly 
known, but it is probable that it is intimately con- 
nected with the production of the cells of the lymph 
and of the blood. 

Each lymphatic gland is somewhat kidney-shaped, 
more or less flattened and elongated, convex along 
one edge, and having a depression, or hilum, at the 
other. 

It is surrounded by a capsule, formed of fibrous 
and elastic tissue, and containing in many animals a 
considerable quantity of smooth muscle. From the 
inner surface of this capsule there pass into the 
substance of the gland a number of processes, or 
trabecalse, which circumscribe spaces. These 
spaces at the periphery of the gland are round ; but 
in the deeper parts they are tubular, and run an ex- 
ceedingly tortuous course, converging towards the 
hilum, where the trabeculae from the capsule unite 
with a mass of connective tissue, which, accom- 
panying the blood-vessels, penetrates the organ at 
this part. It must not be supposed that the spaces 
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bounded by the trabeculae are completely closed : 
they communicate freely with one another, so much 
so that the trabeculae form much more a network of 
cords than a system of membranous walls. 

The space between the fibrous septa is occupied 
by a peculiar tissue, called adenoid tissue, which 
has not yet been described. It belongs to the class 
of connective tissues, and consists of two parts — an 
exceedingly fine network of fibres, and a number of 
small round cells lying free in the meshes of the 
network. These so-called iymplioid cells re- 
semble the white corpuscles of the blood, but they 
are smaller, and there is a less quantity of proto- 
plasm surrounding the nuclei, of which each cell 
possesses only one. When the lymphoid cells are 
removed the network can be plainly seen. It con- 
sists of fine threads, with swellings at the points 
where they join, to form the reticulum. At these 
nodal points there are very commonly situated round 
or oval nuclei, and the appearance resembles very 
closely those which would be offered by a system of 
stellate cells anastomosing by their processes, and 
so forming a network. This conception of the nature 
of the tissue was formerly held as the true one ; but 
it has been found that by mechanical means, such as 
brushing fine sections with a camel's-hair pencil, all 
the nuclei can be removed, while the network re- 
mains as before. Hence it is clear that the nuclei 
must lie, not in the interior of the swollen parts of 
the reticulum, but on the surface; and it is now 
known that the network of adenoid tissue is formed 
of fibres, which are covered by flat endothelial 
cells. The nuclei of these cells are those of which 
mention has been made as occurring at the nodal 
points of the reticulum, while between the fibres no 
cells or nuclei exist. 

This adenoid tissue occurs in the lymphatic glands 
in two forms, which, however, differ only in degree. 
In one the threads of the network are comparatively 
coarse, and the meshes open ; in the other the reti- 
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culum is extremely fine, and the meshes narrow. 
The boundaries between the coarse and the fine 
tissue are always sharply marked. The finer tissue 
lies always in the central portion of the spaces, 
which are bounded by the trabeculae. At the peri- 
phery of the gland it forms rounded masses, which 
appear to the naked eye as little white granules, and 
are called the cortical follicles. In the deeper 
parts it forms cylindrical cords — the so-called me- 
dollary cords. The medullary cords and follicles 
are always separated from the capsule and the trabe- 
culae by an interval, which is occupied by the looser 
and coarser reticulum. Consequently, in a section 
near the surface rounded masses of dense tissue are 
seen, circumscribed by a clear space, across which 
run the threads of the coarser network, by which the 
dense central mass is attached to the capsule and 
trabeculae. In the deeper parts, if the system of 
trabeculae and cords is cut in length, we see two 
trabeculae, appearing as fibrous bands; the mid- 
space between them is occupied by a cord of dense 
tissue, which is attached to the trabeculum on each 
side by the looser network. If the system is cut 
across, the medullary cord appears as a rounded por- 
tion of dense tissue, circumscribed by coarser tissue, 
which joins it to the surrounding trabeculae. It is, 
of course, understood that the meshes of both coarse 
and fine tissues are occupied by lymphoid cells. 

The afferent lymphatic iressels enter the 
gland at its convex side. They perforate the cap- 
sule, and open into the looser tissue about the 
follicles ; from this the lymph passes towards the 
hilum, trickling always through the superficial looser 
tissue, and around the denser tissue, into whose 
meshes it does not enter. The looser tissue through 
which the lymph percolates is called the siiper- 
flclal lymph path. At the hilum the lymph is 
again taken up by the eflterent lymphatic ires- 
sels, which enter the gland surrounded by a mass of 
connective tissue, and communicate with the termi- 
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nations of the lymph paths. It will be seen that in 
its passage through the gland the lymph is not con- 
tained in proper vessels, but the superficial lymph 
path may be looked on as a system of lymphatic 
splits, such as have been described above. The tra- 
beculae and the surface of the dense adenoid tissue 
are covered by endothelium, which is continuous 
with that covering the threads of the coarser reticu- 
lum of the lymph paths, and with that of the afferent 
and efferent lymphatic vessels. 

The lymphatic glands are freely supplied with 
blood. The arteries enter at the hilum, and the 
larger branches run in the trabeculae. The smaller 
branches pass across the looser tissue, and the ca- 
pillary network is formed always in the denser 
tissue of the follicles and medullary cords. The 
Teins leave the gland at the hilum. 

The nerves enter with the vessels, whose muscular 
coat they supply, as well as the muscular tissue of the 
capsule and trabeculae. 

It is probable that the lymph corpuscles are formed 
in the neighbourhood of the capillaries in the denser 
tissue of the gland, and that they then make their way 
into the lymph paths, from which they are removed 
by the lymph current. The meshes of the denser 
tissue communicate with those of the coarser net- 
work through the imperfect boundary of the former, 
so that there is an easy passage for the lymph cor- 
puscles from one to the other. 

In the peripheral lymph follicles, which are 
so common in the digestive and respiratory organs, 
the arrangement of parts in the lymphatic glands is 
repeated in a simpler form. Each follicle consists of 
a rounded mass of dense adenoid tissue, abundantly 
supplied with blood-vessels. The lymphatic vessels, 
however, do not penetrate the follicle, but lie external 
to it» forming about it either a close network or a split- 
like space. Each of these follicles resembles, conser 
quently, one of the cortical follicles of a lymphatic 
gland. 
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The lymph, as collected from the lymphatic 
vessels, is a clear or slightly opalescent fluid, which 
coagulates after being withdrawn. It contains, in a 
transparent plasma, numerous corpuscles, resembling 
the white corpuscles of the blood. They vary a good 
deal in size, have usually a single nucleus, and pre- 
sent lively amoeboid movements. A few red cor- 
puscles are commonly found in the lymph, but they 
are probably an accidental ingredient. 

The thymus gland is a foetal organ, which be- 
gins to waste at the second year, and disappears before 
adult age. It is covered by a fibrous capsule, which 
sends septa into the gland, dividing it into larger por- 
tions (lobes), and these again into smaller segments 
(lobules). Each lobule consists of a number of fol- 
licles or acini, which are separated at the periphery, 
,but run together in the central parts of the lobule. 

Each follicle is composed of adenoid tissue, but a 
sharp distinction into a coarser and finer reticulum, 
such as is found in the lymphatic glands, does not 
exist, although the tissue is somewhat denser at the 
periphery of each follicle than near the centre. The 
meshes of the network are occupied by lymphoid 
cells, and large endothelial-like cells are also to be 
found in places. Peculiar concentrically-laminated 
bodies occur in the follicles, and are called, after their 
discoverer, Hassall's corpuscles. Their real import 
is still a matter of doubt. The larger blood-vessels 
run in the centre of the lobules, and send numerous 
branches into the follicles, where they form an abun- 
dant capillary plexus. Of the lymphatics little is cer- 
tainly known. According to Klein, lymph sinuses 
occur at the periphery of the follicles. The nerves 
are chiefly for the supply of the blood-vessels. 

I. To inject lymphatic vessels it is necessary to employ the 
metbod of puncture^ since if injection were forced into a 
vessel capable of holding a cannula, the valves would prevent its 
flowing backwards into the finer branches. A hypodermic syringe 
is filled with a saturated watery solution of soluble Prussian blue. 
The nozzle is thrust into the tissue to be injected, and gentle 
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pressure made on the piston. If the fluid accumulates about the 
point of the nozzle, the instrument must be withdrawn, and a 
iiresh puncture made at some other place. After a few tri^s, it 
will be found that the injection runs off from the point of the 
syringe in fine lines, forming a network. These are the lym- 
phatics, considerable tracts of which may thus be injected. The 
tissue is hardened in alcohol, and examined by sections or other- 
wise. 

Lymphatics may also be injected through the serous cavities. 
If Prussian blue be injected into the abdominal cavity of a living 
rabbit, it will be found, after a few hours, that the Ijrmphatics of 
the diaphragm are full of the blue fluid (Klein). 

The same result may be got by killing a rabbit, and cutting it 
in two just below the diaphragm. The anterior half is suspended 
with the head downwards, a cannula placed in the trachea, some 
Prussian blue is poured on the abdominal surface of the dia- 
phragm, and artificial respiration maintained for a few minutes. 
It wHl then be seen, on washing the diaphragm with a stream of 
water, that the lymphatics are full of the pigment, which also 
fills the lymphatics of the mediastina. Portions of the central 
tendon may be removed and placed in alcohol, and subsequently 
mounted in Canada balsam. With a lens or very low power of 
the microscope the network of Ijmaphatics can be followed. The 
position of the valves will be apparent, and the dilatation of the 
tube above each valve will be distinct. 

In these experiments the respiratory movements of the dia- 
phragm distend and compress alternately the Ijrmphatics on the 
lower and upper surface of the membrane. In this way the fluid 
is drawn in tnrough the widely-opened stomata, and then pro- 
pelled forwards towards the mediastina. 

2. A rabbit is killed by haemorrhage from the vessels of the 
neck. The thorax is carefully opened. A doable ligature is 
placed around the vena cava just above the diaphragm, and the 
vessel divided between. The heart and lungs are removed. The 
diaphragm is made to bulge by pressing gently on the abdomen. 
With a large soft camel's hair pencil, moistened in distilled water, 
the surface of the central tendon is gently brushed, so as to re- 
move the pleural endothelium. Then nitrate of silver, one-half 
per cent., is poured on the diaphragm, and allowed to remain a 
few minutes, after which it is washed away by a current of dis- 
tilled water, and the central tendon is carefully removed, placed in 
alcohol, and exposed to the light. When the reduction has taken 
place, there will be seen, even with the naked eye, a network of 
clear lines on the brown ground. Portions of the tendon may be 
mounted in glycerine or in Canada balsam. The lymphatics will be 
seen as clear lines. Their general arrangement, the shape of their 
endothelium, and their valves will be evident. The very irregular 
lymph-capillaries, which may be known by their very sinuous 
endothelium and the absence of valves, will be seen to open out 
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at the end and sides into a S3rstem of clear branching spaces : 
these are the juice canals. 

3. If the omentum of a recently-killed rabbit be spread out, 
and its surface carefully brushed, to remove the endothelium, and 
hen stained in silver and mounted in glycerine, very beautiful 
views of the blood-vessels and Ijrmphatics may be got (Klein). 
The different shape of the endotheUum in the arteries, veins, and 
lymphatics, the valves in the lymphatics, and the muscular coat 
of the arteries may be seen. In successful cases the juice canals 
also appear as irregular branching and anastomosmg figures. 
The preparation is, however, difficult to make. 

4. The silver preparations of tendon may be referred to, to see 
the juice canals. These are the clear branching figures brought 
out by treating a tendon with nitrate of silver after the removal 
of the surface endothelium. It was seen that these were spaces 
in the cementing material, that they were situated on the outside 
of the tendon-bundles, and that they contained the flat connec- 
tive-tissue cells. 

5. Preparations of the cornea of the frog stained, one in chlo- 
ride of gold, and another in nitrate of silver, should be examined. 
In the gold preparation it will be seen that the connective-tissue 
cells are flat, branching plates, anastomosing by their processes, 
and the nerve trunks appear as cords ramifying over the field. 
The nerves and the connective -tissue cells are stained of a purple 
colour; the intervening tissue is unstained. In the silver pre- 
paration the intercellular substance is stained, and the spaces in 
which the cells lie — ^in other words, the juice canals — appear as 
clear, stellate and anastomosing figures. The channels m which 
the nerve trunks run are clear, and show an endothelium. Into 
these channels some of the juice canals open. Except the nerve 
sheaths, there are no lymphatic vessels in the cornea. The struc- 
ture of the cornea will be subsequently described in detail. 

6. In preparations of the mesentery of a frog, whose blood- 
vessels have been injected with nitrate of silver, the endothelium 
of the perivascular lymphatics is often stained by transudation of 
the silver through tne walls of the arteries and veins, and these 
vessels may be seen to be surrounded partially or completely by 
l)nnphatic channels. 

7. Lymphatic glands may be hardened in alcohol alone, or in 
Miiller's fluid and subsequently alcohol. The hardening must 
not be too great, as it then becomes difficidt to remove the lymph 
corpuscles, and the tissue becomes brittle. 

Sections are best made with the microtome, and should extend 
from the hilum radially towards the convex surface. The sections 
should be stained in logwood or picrocarmine, and then placed 
in a test tube half filled with water, and shaken for some time, 
so as partially to remove the l3miph corpuscles, which would 
otherwise conceal the reticulum. The sections are then placed 
in a saucer of water, floated on to a slide, and mounted in gly- 

L 
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ceiine. The tissue is exceedingly delicate, and must be handled 
witii great care. 

The fibrous capsule and the trabeculae are seen. The l3m:iph 
corpuscles are completely removed from the coarser tissue, but 
still lie in most parts of tne denser tissue. The large foUides at 
the surface of the gland are probably much broken, and to see 
them it is best to mount a section without shaking. The medul- 
lary portion, however, is well seen, and the appearances should 
be readily understood from the description given above. 

8. If a lymphatic gland be injected with Fnissianblue by punc- 
ture, the injection will be seen in the superficial l3miph paths. 
Sections of glands so injected, and then stained in picrocarmine, 
form beautiful and instructive objects. The medidlary cords and 
follicles are bright red, from the number of lymph corpuscles they 
contain. These red parts are seen to be always separated from 
a trabeculum by a blue border, which is the injection contained 
in the superficial lymph path. 

9. Sections of lymphatic glands whose blood-vessels have been 
injected should be examined. It will be seen that the capillary 
network is never in the lymph paths, but always in the denser 
adenoid tissue. It wiU also be seen how the reticulum of this 
tissue is attached to the outer surface of the walls of the blood- 
vessels, forming for them a kind of adventitious coat. 

10. The thymus p;land of a newly-born child should be hard- 
ened in Muller's flmd and alcohol. Sections stained in logwood, 
or, still better, first in logwood and then in eosin, and mounted 
in glycerine. 

The follicles are seen; separated at the outer part of the lobule, 
but confluent in its deeper part. Each follicle is composed of 
adenoid tissue, whose lymph corpuscles are more numerous near 
the periphery than at the centre. The network of capillary blood- 
vessels, often containing blood, and the concentrically-laminated 
corpuscles of Hassall, £ould be noticed. 
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CHAPTER X. 

THE SPLEEN. 

The spleen is covered by peritonaeum, which consists 
here, as elsewhere, of a layer of endothelium resting 
on a fibro-elastic membrane. Under this is the proper 
capsule, composed of firm connective tissue, and 
which contains, particularly in some of the lower 
animals, a considerable number of smooth muscular 
fibres, arranged in bundles, which cross and anasto- 
mose with one another. 

At the inner or concave surface of the spleen is 
the hilum, or place where the large blood-vessels 
enter and leave the organ. These vessels are sur- 
rounded by connective tissue, which enters with 
them at the hilum, and accompanies them for some 
distance into the interior of the spleen. With this 
connective tissue the capsule becomes continuous at 
the hilum. 

From all the inner surface of the capsule processes 
pass into the interior of the spleen. These are called 
the trabeculfB. They are composed, like the cap- 
sule itself, of connective tissue and smooth muscular 
fibres. They are cord-like or flattened bands, which 
branch freely, and, anastomosing with one another, 
form a framework for the support of the more deli- 
cate tissue which lies between them. Some of them 
reach and become continuous with the connective 
tissue which enters at the hilum ; others break up 
in the interior of the spleen into fine threads, which 
are lost in the pulp. The large blood-iressels enter 
at the hilum, surrounded by connective tissue. At 
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first the arteries and veins run together, but when, by 
repeated branching, the arteries have been reduced 
to a certain size, they part company with the veins. 
The arteries and their branches run a radiating 
course towards the surface of the spleen, and they 
are peculiar in not anastomosing with one another, 
but each constitutes what is called a terminal artery. 
If any artery be taken, it will be found that it and its 
branches form a conical figure, whose base is towards 
the capsule, and whose apex is turned towards the 
hilum ; and the vessels composing this cone com- 
municate neither with each other nor with those of 
neighbouring cones. This distribution of the arte- 
ries explains the appearances which are so commonly 
seen in cases where embolism of one of the splenic 
arteries has occurred. 

For some distance after they leave the veins the 
arteries continue to be surrounded by a sheath of 
fibrous connective tissue, but this gradually changes 
its character, and becomes converted into adenoid 
tissue, quite similar to that which occurs in the lym- 
phatic glands. The adenoid sheath accompanies the 
arteries to their termination. It is narrow in places, 
and in others it bulges out so as to form large rounded 
or irregularly-shaped masses, which have long been 
known as the JMEalplglilaii eorpaseles of the 
spleen. These can be seen on sections of the fresh 
spleen as round spots, which contrast by their whitish 
colour with the dark red spleen-pulp. The artery 
generally lies, not in the centre, but near one side of 
the Malpighian corpuscle. The adenoid tissue of the 
arterial sheaths, with their swellings forming the Mal- 
pighian corpuscles, is supplied with an abundant net- 
work of capillary blood-vessels. The arteries either 
terminate in this network, or some of them break up 
into a number of minute twigs, which open into the 
spleen-pulp. 

Filling up the space between the trabeculae and 
the Malpighian corpuscles, and attached to both, is 
the third element of the spleen, or the pulp. This 
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is a fine reticulum, with nuclei at the nodal points, 
and formed apparently of branching and anasto- 
mosing cells, many of which are much flattened. In 
the interstices of this network are contained great 
numbers of red blood corpuscles, white corpuscles, 
and larger cells, resembling those found in the red 
marrow of the bones, and which sometimes contain 
red blood corpuscles in their interior. Into the 
meshes of the pulp the capillaries and terminal arte- 
rial branches open, so that here the blood suffers 
an actual extravasation, and does not run in closed 
vessels. 

The Teins enter the spleen in company with the 
arteries, and are enclosed with them in a fibrous 
sheath. They at first have a muscular coat, with 
chiefly longitudinal fibres, but as they diminish in 
size they lose this. The smaller veins run in the 
pulp, and branch freely. Their wall is formed of 
transversely-placed elastic fibres, on the inner aspect 
of which is a layer of spindle-shaped endothelial cells, 
whose nuclei frequently lie in little projections from 
the inner surface of the cells. This wall gradually 
becomes imperfect by separation of its elements, and 
the capillary veins, like the arteries, open into the 
pulp-spaces. The blood then, in its passage from 
the arteries to the veins, has to trickle through the 
pulp, just as in the lymphatic glands the lymph does 
through the adenoid tissue of the lymph paths. 

No such extravasation of blood occurs in the Mal- 
pighian corpuscles. In them the circulation is car- 
ried on through closed capillary vessels. There is 
no perfect septum between the pulp and the Mal- 
pighian corpuscles, but the tissue of the latter is 
condensed at its outer part. 

The lymphatics of the spleen run partly in the 
capsule and trabeculae, in which structures they form a 
network (superficial lymphatics). There are also lym- 
phatics which accompany the larger blood-vessels, 
and whose origin seems to be in relation with the 
Malpighian corpuscles (deep or perivascular lym- 
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phatics). These two systems communicate with one 
another at the hilmn. 

The nerres of the spleen are numerous, and 
consist mostly of non-medullated fibres. They ac- 
company the arteries, whose muscular coat, as the 
muscular tissue of the capsule and trabeculae, they 
supply. Fibres have been traced to peculiar elip- 
soidal structures, consisting of connective tissue ar- 
ranged in lamellae around vessels which are usually 
looked on as capillaries, but which Klein considers 
to be arteries. 

1. Scrapings from the cut surface of a fresh spleen examined 
in 0.5 per cent, salt solution show numerous red blood cor- 
puscles, cells resembling white blood corpuscles, and other 
colourless cells larger than these. In some cases these latter 
cells contain in their interior red corpuscles, which seem to be 
undergoing destruction. These blood corpuscles-holding cells 
are very common in many morbid conditions, specially tjrphoid 
fever, in which disease the spleen pulp undergoes a great hyper- 
trophy. There are also to be seen numbers of the endotnelial 
cells of the veins. These, viewed from their edge, often appear 
as crescentic bodies, each with a projection, which contains the 
nucleus on its concave side. 

2. Section of a spleen which has been hardened in Muller's 
fluid and alcohol, stained in logwood, mounted in Canada 
balsam. With a low power the three elements are readily 
recognised. The trabeculae appear as fibrous cords, continuous 
at their outer ends with the capsule. In these the spindle-shaped 
nuclei of smooth muscular fibres are seen. The Malpighian cor- 
puscles appear as round or irregularly-shaped patches, stained 
of a bright-blue colour, owing to the number of lymph cor- 
puscles, whose nuclei appear as blue points. In the interior of 
each Malpighian corpuscle an artery is seen. Between the 
Malpighian corpuscles and the trabeculae is the pulp, of a 
brownish colour, in consequence of the blood which is contained 
in its meshes. With a high power the blood corpuscles, and, if 
the section be very thin, the details of the structiu-e of the reti- 
culum of the pulp, can be seen. The smaller veins have usually 
collapsed, and are visible only in very good preparations. 

3. Section of a spleen whose blood-vessels have been injected 
from the arteries with Prussian blue ; cochineal ; balsam. The 
network of capillary vessels in the Malpighian corpuscles is 
seen. In the pulp there are no capillaries, but the injection is 
everywhere extravasated, and fills all the interstices of the tissue. 
It can be well seen how the veins commence by open mouths in 
the pulp. 
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CHAPTER XL 

* 

DIGESTIVE ORGANS. 

I. — Mouth and Pharynx. 

The mucous membrane of the mouth is covered by 
a compound scaly epithelium, having the charac- 
ters already described. 

This rests on a basement membrane, which is 
believed to consist of flattened cells. Underneath 
this is the mncoiis membrane, composed of 
bundles of fibrous tissue, with flat connective-tissue 
cells, the bundles being closely interlaced, so as to 
form a firm membrane. In some parts of the mouth 
the mucous membrane is intimately attached to the 
subjacent parts, as to the muscular tissue on the 
dorsum of the tongue, and to the periosteum on the 
gums and hard palate ; but at other places, as on the 
floor of the mouth, it has beneath it a considerable 
quantity of areolar sabmueous tissue, containing 
fat. 

The surface of the mucous membrane is not smooth, 
but is covered with a number of minute elevations, 
called papillae. These are generally conical in 
shape, and project into the epithelium, but do not 
cause an elevation on its free surface, so that the 
layer of epithelium is much thinner over the summits 
of, than in the valleys between, the papillae. The 
papillae consist of the fibrous tissue of the mucous 
membrane, and contain loops of capillary blood- 
vessels and nerves, which on the lips, and perhaps 
elsewhere, terminate in peculiar organs, known as 
tact corpuscles. 

On the dorsum ot the tongue there exist 
papillae of very large size, which, because they bear 
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on their surface secondary papillae, are distinguished 
from those already described by the name of com- 
ponnd papillae. Of these there are on the human 
tongue three kinds : i . The most numerous are 
called filirorm and consist each of a small coni- 
cal or cylindrical elevation of the mucous membrane, 
on whose upper surface are numerous smaller eleva- 
tions. The entire papilla is far too large to lie alto- 
gether in the thickness of the epithelium, but carries 
upon its sides, above the general surface, a covering 
of epithelium, consisting of all its layers. On the 
upper surface of the papillae the epithelium becomes 
enormously thickened, particularly the superficial 
layers, whose flattened horny scales are felted to- 
gether, so as to form long, hair-like processes, seve- 
ral of which may arise from a single papilla. It is 
these hair-like processes which form the fur on the 
tongue. When the tongue is foul there are generally 
found adhering to the epithelium, masses of fungi, 
bacteria, and other putrefactive organisms. 

2. In much smaller number than the filiform pa- 
pillae, but still very generally distributed, are the 
tangtrorm papillae. Each of these is a rounded 
elevation of mucous membrane, somewhat con- 
stricted at its base ; its surface is everywhere covered 
over by secondary papillae, embedded in the epithe- 
lium, which is thin, and, in consequence of its thin- 
ness, allows the blood contained in the capillary 
loops to show. Hence these fungiform papillae 
appear on the tongue as minute red points, and 
when, as in some dyspeptic conditions and after 
scarlatina, there is a desquamation of epithelium, it 
is these papillae which give to the tongue its straw- 
berry appearance. The fungiform papillae contain 
numerous blood-vessels, which form loops in the 
secondary papillae, and also nerves, some of which 
terminate in peculiar epithelial structures, known as 
taste-buds, whose description will be given with that 
of the organs of special sense. 

3. Near the root of the tongue, forming a single 
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line, in the shape of a V, with the apex turned back- 
wards, are eight or more large papillae, each of which 
is of cylindrical or slightly fungiform shape. These 
are the circamTallate papillfe. They have the 
peculiarity of being each surrounded by a circular de- 
pression, or fossa. It is from the bottom of this fossa 
the papilla properly springs, and its summit extends 
very little above the general level of the mucous mem- 
brane. The circumvallate papillae have secondary 
papillae on their flattened upper surface, but none on 
their sides. They contain blood-vessels and nume- 
rous medullated nerves, and taste-buds are abundant 
on the sides of the papillae and on the opposed side 
of the fossae. 

Besides the three forms of papillae which have 
been noticed, transitional forms between filiform and 
fungiform have been described as conical papillie. 
They have no taste-buds. On the side of the tongue, 
far back, there is a part where the mucous membrane 
is thrown into a number of transverse folds. This ia 
the papilla foliata, an organ which is much more 
highly developed in the rabbit than in man. The 
epithelium here contains numerous taste-buds. 

The papillae on the tongues of the lower animala 
often differ considerably from those occurring in 
man, particularly the filiform papillae, whose epithe- 
lium is in many animals condensed to form hard 
horny spines. 

The line of the circumvallate papillae separates the 
dorsum of the tongue into two well-defined regions. 
All in front of this line is level, but velvety, in con- 
sequence of the numerous papillae which cover the 
surface ; but posteriorly the surface is uneven, being 
occupied by a number of rounded elevations, sepa- 
rated by depressions. Here there are only simple 
papillae, which lie altogether in the thickness of the 
epithelium, and consequently the velvety appearance 
is absent. On examining the elevations, many of 
them are seen to present at their summit a minute 
hole, leading into a flask-shaped cavity, which is 
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lined throughout by compound scaly epithelium. 
The mucous membrane forming the wall of these 
cavities consists of adenoid tissue, which is some- 
times uniformly distributed, but often consists of 
little rounded masses (the so-called follicles), sepa- 
rated by tissue which, although containing numerous 
lymph corpuscles, is not a reticulum, but fibrous. 
Here, and wherever epithelium rests immediately on 
adenoid tissue, the limits between the two tissues are 
badly defined, in consequence of the deeper layers 
of the epithelium being infiltrated with lymph cor- 
puscles (Klein). These depressions in the mucous 
membrane, with their walls of adenoid tissue, are 
called the follicular glands of the tongue. 

In front of the circumvallate papillae there is no 
adenoid tissue. On the under surface of the tongue 
there exist only small simple papillae, which are 
embedded in the thin epithelium. 

The proper substance of the tongue is com- 
posed of striped muscular tissue, whose fibres run, 
some from behind forwards, others from below up- 
wards, others from side to side. The fibres which 
pass upwards branch, and are inserted by short ten- 
dons into the deep surface of the mucous membrane. 
Those which pass inwards are inserted into a fibrous 
median septum, which divides the tongue into two 
lateral halves. Between the muscular fibres is a 
considerable quantity of fat. Numerous large arte- 
ries, veins, and nerves, and their branches, occur in 
the tongue. 

Numerous glands open into the mouth. These, 
although differing much in size and details of struc- 
ture, are all formed on the same type, and are all 
called acinose glands. 

An acinose gland consists of a duct, which 
branches very freely, and whose terminal divisions 
open into dilated cavities, generally of an elongated 
tubular form. These are called acini, and are lined 
by the epithelium, which produces the secretion. 
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According to the character of the secretion, the 
glands of the mouth are divided into two classes. 
In one class the secretion is viscid, and contains 
mucin. These are mucous glands. In the other 
th^ secretion is limpid and watery, and contains a 
good deal of proteid. These are the serous, or 
albuminous glands, or true salivary glands. 

The glands are also divided into large and small. 
The large are the parotid, submaxillary, sublingual, 
and Nuhn's glands, which lie under the point of the 
tongue. The small glands are scattered over the 
interior of the mouth, being peculiarly numerous on 
the insides of the lips, interior of the cheeks, soft 
palate, and back part of dorsum of tongue, under 
and behind the circumvallate papillae. 

Of the larger glands, the parotid is serous in all 
animals ; the sublingual and Nuhn's glands are al- 
ways mucous ; while the submaxillary is sometimes 
mucous, as in the dog, cat, &c.; sometimes serous, 
as in the rabbit; sometimes partly one and partly 
the other, as in man. 

Of the smaller glands, all are mucous, except a 
group on the dorsum of the tongue, extending across 
under the circumvallate papillae, and whose ducts 
for the most part open into the fossae surrounding 
these. 

The larger saliTary glands can be seen to 
be divided into a number of lobes, by the passage 
into them of loose connective tissue continuous 
with that which forms their capsule. The lobes are 
again similarly divided into smaller divisions (lo- 
bules), which give to the gland its granular appear- 
ance. 

The principal duet opens into the mouth, and is 
composed of connective tissue, with more or less 
smooth muscular fibres, and is lined by a simple 
columnar epithelium. It divides freely on its arrival 
at the gland, the branches going to the different 
subdivisions of the latter. On its entrance into the 
lobules it changes its character. Its wall becomes 
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thinner, and no longer contains muscular fibres. It 
is lined by a single layer of high, columnar, epi- 
thelial cells, each containing about its middle a 
round nucleus, and presenting in its outer part a 
very distinct radial striation. In this stage the duct 
is known as a saliTary tube. The salivary tube 
narrows rather suddenly, and passes into one, some- 
times several, very fine canals, formed of a basement 
membrane and a single layer of flat or low cubical 
epithelium. The point of narrowing is called the 
neck, and here the cells are small, cubical, and 
closely placed (Klein). The minute terminal canals 
or terminal ducts open into the a45iiii« These are 
tubular spaces of considerable diameter; but, in 
consequence of the depth of the epithelium, the 
lumen, or central cavity, is small. The wall is formed 
of a basement membrane, strengthened by stellate 
cells, which lie on its inner side, immediately be- 
neath the epithelium. The epithelium, of the 
kind known as glandular, differs according as the 
gland is mucous or serous. In the latter case the 
cells are polygonal or pyramidal, of uniform finely- 
granular structure, and with round nuclei. In the 
mucous glands the acini are larger, the epithelial 
cells clear and transparent, and the nucleus is flat- 
tened, and lies close to the basement membrane. 
At certain parts of the acini, external to the mucous 
cells, are groups of granular cells, with round nuclei, 
sometimes forming crescentic-shaped figures, as in 
the submaxillary and orbital glands of the dog ; at 
others, as in the submaxillary glands of the cat, 
almost completely surrounding the acinus, which 
thus has two layers of cells — an inner mucous and 
outer granular. These semilunes, or crescents 
of CHfannuzzi, vary in distinctness in different 
glands, the variations depending largely on the con- 
dition of the gland as to activity or rest at the time 
of the death of the animal to which it belonged. 

The salivary glands are abundantly supplied with 
blood-Tessels, the capillaries forming a plexus 
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around the acini. The lymphatlcni begin as splits 
or fissures around the acini, and pass into larger 
vessels, which lie in the connective tissue. The 
Merres are numerous, but their terminations are 
unknown, as is their relation to the groups of gan- 
I^Uon cells, which are commonly found embedded 
in the glands. 

The smaller sallTary glands are constructed 
on the same plan as the larger. The ducts consist 
only of a basement membrane and a columnar epi- 
thelium. They do not form salivary tubes, but be- 
come progressively smaller as they branch, and finally 
open into the acini. These are for the most part 
of a mucous character. They are comparatively 
large, and their epithelium is clear and transparent, 
with flattened nuclei situated near the basement 
membrane. Crescents of granular cells, such as 
occur in the larger mucous glands, are, as a rule, 
absent. 

Situated under the surface of the dorsum of the 
tongue, in the region of the circumvallate papillae, 
are glands, whose acini are small, whose epithelium 
is granular, with round nuclei. These are serous 
glands. Their ducts open into the fossae about the 
circumvallate papillae. The part of the dorsum of 
the tongue anterior to this has no glands, but pos- 
teriorly, as far as the epiglottis, a continuous layer 
of mucous glands exists. They lie embedded be- 
tween the muscular fibres of the tongue, and their 
ducts open either into the crypts of the follicular 
glands, or directly on the surface. 

The small glands in the lips, palate, and cheek are 
all mucous, and are situated either in the submucous 
tissue, or, when this is wanting, among the muscular 
fibres. 

Tlie tonsils are organs similar to the follicu- 
lar glands of the tongue. Each tonsil consists of a 
mass of adenoid tissue, in which the follicular struc- 
ture can often be very distinctly seen. Into this 



IS8 MANUAL OF HISTOLOGY. 

adenoid tissue dip involutions of the epithelium, 
forming a number of blind pouches, which open on 
the surface, and are lined by compound scaly epithe- 
lium. These are the so-called crypts of the tonsil. 
In some animals there is only one crypt, and then, 
except for its size, the tonsil precisely resembles a 
follicular gland of the tongue; but in man the crypts 
are numerous and branched. The tonsil is bounded 
by a dense fibrous capsule. Behind the tonsil lie 
nimierous mucous glands, whose ducts pierce the 
adenoid tissue, and open into the crypts. 

At the upper and back part of the pharynx is a 
structure similar to the tonsil, and known as the 
pharyngeal tonsil. 

All these masses of adenoid tissue contain an 
abundant plexus of capillary blood-vessels. 

The follicles are surrounded by a plexus of lym- 
phatic vessels, or by a sinus-like fissure, lined by 
sinuous endothelium. 

The upper part of the pharynx is lined by colum- 
nar ciliated epithelium, and belongs to the respira- 
tory passages. The lower part is lined by compound 
scaly epithelium, and has numerous simple papillae. 
In both parts mucous glands are abundant. 

Teeth : 

That part of the tooth which projects above the 
surface is called the croiwm. The slightly constricted 
part which is embraced by the gum is the neck, and 
the part which is embedded in the alveolus is the 
tbng. A tooth is a hollow organ. The cavity in its 
interior is called the pnlp caTlty. It has fine 
openings, one at the point of each fang, by which 
the blood-vessels and nerves pass into the interior 
of the tooth. 

The bulk of the tooth is formed of dentine. This 
is a tissue, consisting, like bone, of fine fibres held 
together by a calcified cementing-substance. It 
bounds the pulp cavity, and from this there pass 
into the dentine a number of fine tubes, which run a 
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generally radiating course towards the surface of the 
dentine, branching freely, and anastomosing by their 
branches. The walls of these dentine-tubes are 
formed of a substance, probably of a homy nature, 
which differs from the remainder of the dentine in 
possessing a greater power of resistance to the action 
of acids. 

On the crown of the tooth the dentine is covered 
by enamel. This consists of a number of long 
hexagonal columns, resting by one end on the sur- 
face of the dentine, and by the other reaching the 
free surface of the tooth. These columns present 
slight varicosities, and are held together by a firm 
cementing-substance. They are arranged in groups, 
and the directions of the columns in neighbouring 
groups differ slightly. The surface of the enamel in 
young teeth is covered by a thin, homogeneous, cal- 
cified cuticle (enamel cuticle). Irregular cavities 
exist frequently between the deeper parts of the 
enamel- columns. These communicate with the den- 
tine-tubes. 

The enamel is thickest on the most projecting part 
of the tooth, and gradually thins ofif towards the neck, 
where it ceases. 

On the fang of the tooth the dentine is covered by 
a layer of bone, the cement or crusta petrosa* 
It contains lacunae of large size, and canaliculi which 
communicate with the dentine tubes. There are, as 
a rule, no Haversian canals in the crusta petrosa. 

The crusta petrosa begins as a thin layer at the 
neck, meeting the enamel, and becomes thicker on 
the deeper parts of the fangs. Owing to this arrange- 
ment, the dentine is completely covered, but there is 
sometimes a narrow zone where this tissue is exposed 
between the enamel and the crusta petrosa. 

The outer parts of the dentine are frequently im- 
perfectly calcified, and in macerated teeth these parts 
present a number of irregularly-shaped cavities, into 
which the dentine tubes open, and which communi- 
cate with the lacunae of the crusta and with the cavi- 
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ties which have been already described as occurring 
in the enamel. These imperfectly calcified portions 
of dentine are called the interglobular spaces. 

In the recent tooth they are occupied by uncalcified 
tissue, containing branched cells. 

The cavity in the interior of the tooth is occupied 
by a soft tissue, called the pulp. This consists of 
a very soft, delicate connective tissue, containing 
numerous stellate and spindle-shaped cells, which 
anastomose by their processes, and form a reticulum. 
The cells which lie on the surface of the pulp where 
it touches the dentine are large and columnar, and 
arranged closely side by side, like an epithelium. 
They communicate with one another and with the 
other cells of the pulp by processes, and also send 
long processes into the dentine tubes. These cells 
are peculiarly well developed in growing teeth, and 
as it is from them that the dentine is formed, they 
are called odontoblasts. There is a close plexus 
of blood-vessels in the pulp and numerous nerves, 
from which fine twigs pass into some of the dentine- 
tubes (Boll). 

The whole tooth is a modified and partially calci- 
fied papilla. The basement membrane runs between 
the enamel and the dentine. The enamel is epithe- 
lium ; the dentine, crusta, and pulp are connective 
tissue, and belong to the mucous membrane. 

The tooth is held in its socket by a firm fibrous 
connective tissue, continuous with the membrane 
covering the tooth, or peridontluni. 

The sum consists of dense fibrous tissue. It has 
very large and regular papillae, and is covered by a 
compound scaly epithelium. 

I. The tonipue of a cat is cut transversely into pieces, and 
hardened in one-sixth per cent, chromic acid for ten days, then 
in alcohol. 

Transverse sections made in a plane perpendicular to the 
dorsum are stained in logwood, and mounted in Canada balsam. 

The muscular fibres will be seen, some cut transversely, 
others running in the plane of the section. Of these latter, a 
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number ascend vertically towards the dorsum, and are inserted 
into the mucous membrane. Between these are groups of punc- 
cut across. The peripheral position of the nuclei, and the fibres 
tated appearance of the section, due to the primitive cylinders, 
will be well seen in the fibres divided transversely. Other fibres, 
more deeply situated, run from side to side, and meet in the 
middle a fibrous septum or raph^. Between the muscular fibres 
is much fat. In the inferior parts of the section large arte- 
ries^ Teins^ and nerves will be seen cut across, and many 
smaller vessels in other parts. 

The niieoas membrane of the dorsum is thick, and con- 
sists of fibrous tissue, with numerous small vessels. The pa- 
pillm are large, most of them pointed; the epithelium 
covering them thick and homy in its superficial layers, which 
do not stain. Between the papillae the different layers of cells 
composing the epithelium can be well seen. On the under side 
of the tongue the surface is smooth and the epithelium thin, with 
simple papillae. 

2. Vertical sections through the dorsum of the back part of the 
human tongue (hardened as above) made parallel to the long axis 
of the organ, and extending to a depth of about half an inch below 
the surface. The section should go through the line of circum- 
inallate papillae. Stain in logwood, and mount in Canada balsun. 
In some of the sections eirenmTaliate papillm will be met, 
and the ducts of the serous glands opening into their fossae will 
be seen. Anterior to them are the llliform and fiinipiform 
papillae^ while posteriorly the larger papillae are absent, and 
the adenoid tissue of the follicuhir glands is seen just under 
the surface. 

Embedded between the muscular tissue are the secreting 
iflandss The acini, being cut in different directions, appear 
as round or oval figures, lying in groups, while the ducts are seen 
passing upwards and opening on the surface. The acini bf the 
serous inlands are small ; the epithelial cells granular, with 
round nuclei. They lie under the circumvallate papillae. More 
posteriorly are the mucous ylands^ with larger acini ; clear, 
distinct epithelial cells, often staining a beautiM blue in log- 
wood, and with compressed nuclei situated near the basement 
membrane. 

Sections stained first in picrocarmine and then in iodine green 
are very pretty ; the mucous glands and adenoid tissue taking 
a green colour, the other structures orange or red. They are, 
however, not more instructive than a simple staining, and the 
green colour seldom holds for very long. 

3. Sections of a tons^ue whose blood-vessels have been injected . 
The close capillary p&xus of the muscular tissue is beautifully 
seen; the loops of vessels passing into the papillae, and the 
plexus suzTOunding the glands. 

M 
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Mneous Ctlandi 

4. Submaxillary gland of a dog or cat hardened in alcohol. 
Sections must be very thin, stained in logwood or picrocar- 
mine, and are best mounted in glycerine orFarrant's solution, as 
many of the finer details are lost m Canada balsam preparations. 

With a low power it is seen that the section is marked out by 
tracts of loose connective tissue into irregular-shaped divisions. 
These are the lobules. In the separating connective tissue are 
branches of the principal ducts and blood-vessels. 

In the lobule the acini are seen as round, oval, or elongated 
objects, according to the direction in which they have been cut. 
Each is bounded by a distinct Une, the basement membrane, on 
which are seated the large, clear, very distinct mucous epithelial 
ceUs. The nuclei of these cells appear flattened and situated 
close to the periphery. The cells do not stain in picrocarmine, 
but become a blue colour when stained in logwood. In places 
between the mucous cells and the basement membrane are seen 
crescentic figures formed of granular cells, with round nuclei and 
indistinct outlines. These cells stain a deep blue in logwood, 
and red in picrocarmine. In the cat the acmi are smaller, and 
the crescents occupy a greater segment of their circumference 
than in the dog. 

The intralobular ducts or salivary tubes will be seen cut in 
length or across. Their narrow lumen, high columnar epithe- 
Uum, with round nuclei and radially striated protoplasm, make 
them very conspicuous objects. Their epithelium stains orange 
in picrocarmine. In fortunate sections the passage of salivary 
tubes into smaller ducts, and of these into acini, may be seen. 
In the submaxillary of the dog, the salivary tube passes into the 
acinus by a short portion, lined by cubical celt, with small, 
crowded nuclei (Klein). Between the acini and ducts is con- 
nective tissue, containing often numerous lymph corpuscles, and 
larger coarsely granular cells (plasma cells). The blood-vessels, 
except the larger ones, are not seen, unless the preparation is 
injected. Ganglia may be met. The nerve-cells, with large 
vesicular nuclei and endothelial sheaths, lie in groups generally 
in the interlobular tissue, near the large blood-vessels. 

5. Seroas €tl»nd* — Submaxillary gland of a rabbit treated 
as the last object. The arrangement in lobules and the ducts 
are the same as in the mucous gland, but the acini are smaller. 
The epithelial cells are granu^, and stain in picrocarmine. 
Their outlines are less distinct, and the nuclei are round. Be- 
sides these cells there are no others in the acini. The lumen of 
the acini is very small. 

6. Mixed Ctland. — Human submaxillary gland treated in 
the same way as 4 and 5. Most of the acini are of the serous 
type, but souie are lined by mucous cells without crescents. 
In some acini there may be found granular and mucous cells 
side by side. 
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7. Small fragments of a fresh salivary gland, macerated one or 
two days in five per cent, neutral chromate of ammonia, may be 
torn up in the same fluid. The epithelial cells are seen sepa- 
rated or coherent in groups ; also the stellate cells, which lie 
inside the basement membrane of the acini, and which appear 
to send processes between the epithelial cells. The mampula- 
tion is difficult. 

8. The tonsil of a cat, hardened in one-sixth per cent, chro- 
mic acid and alcohol. Section through longest axis; stained 
in logwood, and mounted in Canada balsam. The organ is a 
long, narrow pouch, opening at one end into the mouth, and 
closed at the other. It is lined by compound scaly epithelium, 
and its wall is formed of adenoid tissue, in which the foUicular 
structure is remarkably distinct. It will be observed that the 
periphery of each folhcle stains more deeply than the central 
part. This is common to all lymphoid follicles, and is due to 
the greater accumulation of lymph corpuscles at the periphery. 
Between the follicles the lymph corpuscles are numerous, but 
they lie in fibrous tissue, not in a reticulum. The adenoid tissue 
is l)ounded externally by a strong fibrous capsule. Outside this 
will be seen groups of mucous glands and fragments of the 
muscles of the palate or pharynx. 

9. Section through a human tonsil prepared in the same Way 
as 8. The organ here is oval, covered on its free surface with 
scaly epithelium. This lines also numerous branched pouches, 
which extend into the tonsil. The whole is bounded externally 
by a strong capsule (which sometimes sends septa into the organ), 
and all between this and the surface is formed of adenoid tissue, 
in which the follicular structure is not so distinct as in the tonsil 
of the cat. External to the capsule, mucous glands will be found, 
and sections of the muscular tissue of the palate and pharynx. 

Teeth, like bone, may be prepared in two ways : — They may 
be decalcified by immersion in dilute acid, and then cut with a 
razor ; or, after being deprived of their soft parts by maceration 
in water, they may be ground down into thin plates, and 
mounted in hard Canada balsam. 

10. The lower jaw of a kitten is dissected out from the 
mouth, cut into short pieces with a fine saw, and placed in the 
mixture of chromic and nitric acids, which must be frequently 
changed. When the tissue is softened it is washed for some 
time in water, and then placed in spirit. Sections at right 
angles to the length of the horizontal ramus, and passing 
through the axis of a tooth ; stained in logwood ; mounted in 
Canada balsam. 

The enamel consists almost entirely of earthy matter; conse- 
quently it is altogether dissolved away. The general shape of 
the tooth and its relation to surrounding parts will be seen ; also 
the dentine, with its tubes appearing as indistinct radiating lines ; 
the pulp-cavity, with its contents ; the layer of odontoblast, 

M 2 
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l3dng against the inner surface of the dentine ; the firm fibrous 
tissue, which binds the tooth in its socket ; the spongy bone of 
the lower jaw ; the gum, with its thick epithelium and long pa* 
pillse ; and the inferior dental canal, containing nerve trunks, 
arteries, and veins, all cut across. In some sections, between 
the inferior dental canal and the milk tooth the developing seoon* 
dary tooth will be seen. 

II. A dry tooth, from which the soft parts have been removed 
by maceration in water, preferably a tooth of simple form, such 
as a canine, is ground down, first on one side, then on the other, 
so as to get a thin lamella going through the middle of the tooth, 
parallel to the long axis. This lamella is mounted in hard 
Canada balsam, according to the method directed for bone. 
The grinding is long and laborious, unless it is done with a 
lathe. The general arrangement of the three hard tissues will 
be distinctly seen, even with the naked eye. With the micro- 
scope the fine lines separating the enamel columns will be seen. 
The enamel presents radiating bands, alternately light and dark. 
This is due to the var3dng direction of the groups of columns, 
some of which are cut in length, others more or less across. 
Besides these radial markings, there are others parallel to the 
surface, and which are known as the lines of Retzius. Their 
import is uncertain. 

The dentine tubes appear as distinct black lines, because they 
are filled with air, by which the light is reflected from their 
under surface, and is thus prevented from reaching the eye. 
They give off very fine and numerous branches, and anastomose 
with one another. They can be seen to pass into the inter- 
globular spaces, which now contain only air, and to communi- 
cate with the cavities in the deeper part of the enamel, and 
with the canaliculi of the cementum, which, with the lacunae, 
also contain air. Where the interglobular spaces do not exist, 
the dentine tubes terminate by blind extremities, or by anasto- 
mosing in loops, or by direct anastomosis with the canaliculi of 
the crusta petrosa. 

On the dentine, lines may be seen parallel to the surface. 
These are the lines of Schreger, and are due to bendings of the 
dentine tubes. 
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11. — Digestive Tube. 

The proper digestive tube begins at the oesopha- 
gus, and from this point downwards it is formed of 
certain layers, or coate, which are from within out- 
wards the following : — 

/ Mucous coat proper (Junica 

I Mucous coat \ f^^^osa propria). 

1. MUCOUS coat 1 Muscular layer of mucous 

Uunica mucosa) \ , ^ ,. 

^ 'I membrane {tunica muscu- 

V laris mucosa), 

2. Submucous coat {tunica submucosa). 

3. Muscular coat (/«- ( Circular layer. 

nica muscularis), \ Longitudinal layer. 

4. Serous coat {tunica serosa). 

In the oesophagus and lower part of the rectum 
there is no serous coat, but its place is taken by a 
layer of connective tissue, called the adventitious 
coat {tunica adventitia). 

It is common in speaking of these coats to call 
them by their Latin names, omitting tunica. Thus 
we speak of the mucosa, the muscularis mucosae, the 
fierosa, &c. 

The ailTestltloiis coat is formed simply of con- 
nective tissue, and the serosa is a covering of the 
peritonaeum, whose structure has been already de* 
scribed. No more consequently need be said of 
these layers. 

The nmseular coat consists everywhere of two 
layers, whose fibres cross each other at right angles. 
In the external layer the direction of the fibres is 
longitudinal, or in the direction of the tube, while in 
the internal layer the fibres are arranged transversely. 
The muscular tissue is of the unstriped variety every- 
where, except in the upper part of the oesophagus. 
Here it is of the striped kind. Among different anii- 
mals there is considerable difference as to the point 
in the oesophagus at which the two kinds of muscu- 
lar tissue meet. In man, from the level of the fifth 
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dorsal vertebra downwards unstriped tissue is found ; 
for some distance above that the two kinds of mus- 
cular fibres are mixed. 

The unstriped muscular tissue is divided into 
bundles by septa of connective tissue. 

Internal to the muscular coat is the submucous 
coat. This consists of loose areolar tissue, and in 
places contains fat. It allows the mucous coat to 
glide freely on the muscular in the movements and 
different degrees of contraction of the latter. In the 
submucosa the larger blood-vessels and some large 
nerves ramify. 

Most internally is the mncoiis coat. This pre- 
sents peculiarities in each part of the digestive tube, 
and consequently each part will require a separate 
description. 

The mucosa constitutes nearly one-half the entire 
thickness of the wall of the tube, and in it are con-r 
tained nearly all the glands of the stomach and in* 
testine. The student must be careful not to confound 
the mucous membrane with the epithelium which 
covers it. 

In the cesophai^s the mucosa is formed of a 
rather dense fibrous tissue, similar to that which 
occurs in the mucous membrane of the mouth. It 
is covered by a compound scaly epithelium, into 
which some papillae project. At its deeper part it 
contains the mnscularis mucosie. This is a 
layer of smooth muscular tissue, formed in the oeso- 
phagus of fibres arranged in bundles which run longi- 
tudinally. The muscularis mucosae is an important 
structure, as it marks the deep limit of the mucous 
coat. Hacoas glands occur in the oesophagus : 
scanty in man; very numerous in the dog; their 
acini lie mainly in the submucous coat. The ducts, 
which are lined by a low columnar, or, in the dog, 
almost flat epithelium, perforate the muscularis mu- 
cosae and the mucous membrane, and open by nar- 
row mouths on the surface. 
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* The blood-vessels form a plexus around the glands, 
and another under the epithelium, and send loops 
into the papillae. 

At the cardiac orifice of the stomach the transi- 
tion from the mucous membrane of the oesophagus 
to that of the stomach is abrupt, and marked by a 
line distinctly visible to the naked eye. The mucous 
membrane of the stomach can scarcely be said to 
have any general surface, for this is limited to ridges 
separating pits, or depre(S»loiis (stomach tubes), 
which lie close together, and pass down vertically 
into the membrane for about one-fourth of its depth. 
These pits and the ridges between are lined by a 
single layer of high columnar epithelial cells, each 
containing near its attached end an oval nucleus. 
When the stomach is empty these cells are closed at 
their free ends ; but during digestion they almost all 
undergo mucous transformation, or become goblet 
cells. Underneath this epithelium is a basement 
membrane, formed apparently of flat cells. 

Into the bottom of each of the pits there open 
two, or three, or more glands, in the shape of 
tubes which pass downwards, and terminate by blind 
extremities just above the muscularis mucosae. The 
pits may be looked on as the ducts of the glandular 
tubes which open into them. Each gland is nar- 
rowest for a short distance after it leaves the pit, 
and widens at its deeper part. The narrow part of 
the gland is called the neck ; the deeper the fundus. 
The glands seldom branch, but are frequently bent 
near their closed ends. Each gland is formed of a 
continuation of the basement membrane of the pit, 
strengthened on its inner surface by flat stellate 
cells, similar to those described in the acini of the 
salivary glands. The epithelium consists of two 
kinds of cells — i. A continuous layer of polygonal, 
finely- granular cells, with round or oval nuclei. These 
cells are small in the neck, and become larger in the 
fundus. They are called chief cells, or central 
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cells. 2. Cells oval in shape, coarsely granular, and 
not forming a continuous layer, but occurring at in- 
tervals, and always lying external to the chief cells,* 
often in depressions in the basement membrane. 
They are very numerous in the neck of the glands, 
but are more scattered in the fundus. They are 
called parietal cells* Their former name, * peptic 
cells,* is now rightly abandoned. The central space, 
or lumen of the gland, is extremely narrow. 

The glands which have been described are found 
in all parts of the mucous membrane of the stomach 
from the cardiac orijfice to within a few inches of the 
pylorus. In this limited pyloric region, however, 
the structure of the mucous membrane undergoes a 
change. It is smoother, firmer, and more closely 
attached to the subjacent coats than is the case else- 
where. The pits, or dvcte, into which the gland? 
open are much longer than those at the cardiac end, 
and reach to more than one-half the depth of the 
mucous membrane. The glands, which open into 
these ducts in groups of three or four, are short, 
and rather flask-shaped than tubular, and frequently 
branched. The epithelium which lines the ducts 
does not differ from that which lines the ducts of 
the glands at the great end of the stomach ; but the 
pyloric glands are lined by a single layer of colum- 
nar cells, whose protoplasm is: granular, and never 
undergoes mucous change, and whose nuclei are 
flattened, and lie near the outer attached ends of 
the cells. The nuclei, when seen in profile, appear 
crescentic, the convexity being turned towards the 
basement membrane. 

These cells, although commonly stated to resemble 
the chief cells of the glands of the cardiac end of the 
stomach, difler from them both in their own shape and 
in that of their nuclei, and resemble much more closely 
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* In the neck of the gland, where the tube is narrow, the 
parietal cells sometimes project through the chief ceUs, and 
help to bound the nairow lumen. 
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the cells which line the tubes of Branner's glands in 
the duodenum. As a rule there are no cells in the py- 
loric glands which correspond to the parietal cells of 
the glands of the cardia, but sometimes, particularly 
in preparations made with osmic acid, cells are found 
which have some resemblance to them. They are, 
however, most probably of a different nature, and 
merely a stage in development of the ordinary co- 
lumnar cells of the part. 

Between the cardiac and pyloric regions is a nar- 
row zone, in which both kinds of glands occur to- 
gether, and in which transitional forms are met with. 

Corresponding to the differences in their structure, 
the secretion of the cardiac end of the stomach 
differs from that of the pylorus. Both contain pep- 
sin; but the former is limpid and acid, the latter 
viscid and alkaline. From this it is assumed that 
the parietal cells of the cardiac glands are concerned 
in the secretion of acid. The mucus, which is abun- 
dantly formed in the stomach, is produced by the 
goblet cells, which cover the general surface, and 
line the pits or ducts. 

The greater part of the mucous membrane is occu- 
pied by the glands. The intervals between them and 
the space below their closed ends is formed of a loose 
connectlYe tissue, in which a variable number of 
lympli corpuscles is found. In some places in 
the deeper parts of the mucosa, the lymph corpuscles 
are accumulated, and the intervening tissue becomes 
a reticulum. These spots are called the lympliailc 
Iblllcles of the stomach. They are inconstant ob- 
jects. 

The nrascularis nmiNMiiB consists of two or 
three layers of muscular fibres. It sends up vertical 
bundles between the glands. The mascnlar coat 
has, at the great end of the stomach, a layer of oblique 
fibres internal to the circular and longitudinal layers. 
The pyloric Yalve is formed by a great thickening 
of the circular layer of the muscular coat. 

The Mood«Yessels form a plexus, with elongated 
meshes in the muscular coats. Large vessels ramify 
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in the submucosa, from which branches pass into the 
mucous membrane. Here they pass upwards between 
the glands, forming a close plexus of capillaries, with 
meshes elongated in the vertical direction. This 
passes into a horizontally-disposed network of larger 
capillaries, which surround the openings of the ducts* 
just beneath the surface. From this the veins come 
off and pass downwards into the deeper parts. 

Tlie lymphatics form a plexus in the submu- 
cosa, and a finer plexus in the deep part of the 
mucosa between the glands. From this branches 
pass up between the glands, and end blind, or by 
anastomosing with one another just below the surface. 

The nerves will be subsequently described. 

The mucous membrane of the small intestlHe 

has, to the naked eye, a velvety appearance. This is 
due to a vast number of minute hair-like processes 
which project from the general surface of the mem- 
brane. These processes are called Vint. They are 
small at the commencement of the duodenum, attain 
their greatest magnitude in the jejunum, and become 
small and few at the lower end of the ileum. Each 
villus is of a cylindrical or conical shape. It is co- 
vered by a simple columnar epithelium. The cells 
composing this epithelium have already been de- 
scribed. They have a striated border on their free 
end, a finely granular protoplasm, an oval nucleus, 
and are commonly attached to the basement mem- 
brane by a bent beak-like process. Goblet cells occur 
among them in variable numbers. In the axis of the 
villus runs a lymphatic vessel — the chyle vessel. Ex- 
ternal to this are muscular fibres derived from the 
muscularis mucosse, and arranged for the most part 
parallel to the long axis of the villus. They are in- 
serted into the basement membrane. Outside these, 
and lying just under the basement membrane, is a 
plexus of blood-vessels. The artery enters at one 
side, the vein leaves at the other, and between the 
two is a network of capillaries. AH these structures 
are embedded in the tissue of the mucous membrane 
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of which the villus consists, and of which it is merely 
a projection. This tissue is not fibrous, but retiform. 
In the reticulum flat endotheloid cells occur, and 
numerous lymph corpuscles. In fact, it is adenoid 
tissue, in which the reticulum is less fine and the cor- 
puscles less numerous than in a lymphatic gland. 

Between the bases of the villi there open the 
mouths of tubular glands, each of which runs an , 
unbranched course through the thickness of the 
mucous membrane, and terminates by a closed ex- 
tremity just above the muscularis mucosae. These 
are Ideberkulm's glands. They are so numerous 
as to occupy almost the whole mucous membrane, as 
the glands of the stomach do. They consist of a 
basement membrane continuous with that of the sur- 
face and a single layer of epithelium, which, except 
for the less height of the cells, does not differ frona 
that covering the villi and the general surface of the 
intestine. 

The only other secreting glands to be found in the 
intestine occur in the upper part of the duodenum. 
These are Bruimer's glands, and, unlike the 
other glands of the stomach and intestines, they are 
situated, not in the mucous, but in the submucous 
coat. . The duct of each gland is lined by a simple 
columnar epithelium, and opens on the surface or 
into one of Lieberkiihn's glands. Having perforated 
the muscularis mucosae, it divides, in the submucosa, 
into a number of tubes, which branch and run a tor- 
tuous course, giving off a number of diverticula, which 
end by blind extremities. These tubes are lined by epi- 
thelium precisely the same as that which occurs in the 
pyloric glands of the stomach. Transitions between 
these latter and Brunner*s glands exist ; the pyloric 
glands becoming gradually longer and perforating the 
muscularis mucosae. The ducts, however, differ in the 
two cases. In the pyloric glands they are wide pits, 
lined by goblet cells. In Brunner's glands they are 
narrow tubes, of less diameter than the proper gland- 
tubes, and the epithelium is not composed of goblets. 
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Throughout the small intestine there are to be 
found rounded or flask- shaped masses of adenoid 
tissue, in which the lymph corpuscles are far more 
numerous than in the general mucosa, and whose 
limits are pretty sharply defined. These resemble 
precisely the follicles of the tonsil, or those at the 
root of the tongue. They occur either singly or in 
groups. The former are the solitary glands, 
the latter the agminated glands, or Peyer'd 
patclies. Each follicle occupies both the mucous 
and submucous coats, and consequently perforates 
the muscularis mucosae. It terminates below by a 
rounded base, and usually projects by a conical sum- 
mit slightly above the general level of the mucosa. 
This summit is covered by epithelium. Where the 
follicle occurs there are no villi, and Lieberkiihn's 
glands are pushed aside, and assume an oblique 
direction. In structure the follicle is identical with 
those which have been described in the mouth and 
tonsil. It is abundantly supplied with blood-vessels, 
and surrounded by a lymphatic plexus or lymph-sinus. 

The solitary glands occur scattered irregularly. 
The agminated glands occur, as a rule, only in the 
ileum, where they form oval patches, situated always 
on the side of the intestine opposite to the attach- 
ment of the mesentery, and having their long axis 
parallel to that of the intestine. Each patch is 
formed of an immense number of follicles, lying 
closely side by side, and frequently becoming con- 
fluent where they touch one another. 

There are several follicles at the commencement 
of the duodenum. In some animals the intestine is 
here surrounded by a ring of adenoid tissue. 

The mnseulails mn€*osw of the small intestine 
consists, in most places, of two layers — an inner, cir- 
cular : an outer, longitudinal. It sends bundles into 
the mucosa between Lieberkiihn's glands, and into 
the villi. 

The other coats call for no special notice. 

The larger Mood-Tessels ramify in the submu- 
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cOsa. A close plexus surrounds Lieberkiihn^s glands, 
and communicates with the vessels of the villi. Bran- 
ner's glands have a special capillary plexus. 

The central chyle-Tessels of the villi are lymph 
capillaries, such as have been already described. 
Their wall is formed of a layer of endothelial cells, 
with very sinuous outlines, and they have no valves. 
They communicate with spaces in the tissue of the 
villi, which are the juice-canals, and it is through 
these that matters reach the central chyle-vessels, 
but it is not certainly known how the juice-canals 
communicate with the cavity of the intestine. 

The lympliatli^i from the villi communicate with 
a plexus which surrounds the openings of Lieber- 
kiihn's glands. From this, branches pass to the 
deeper parts of the mucosa, where a second plexus 
exists. This communicates with a coarse plexus 
of large lymphatics in the submucosa, which have 
proper coats and possess valves. The lymphatics sur- 
rounding the follicles communicate with the others, 
which, together with those of the muscular coats, all 
pass to the edge of the intestine, where they enter 
the mesentery. 

In the large intestine we find no new strac- 
tures. There are no villi. Ideberkikhn's glands 

are larger than in the small intestine, and many of 
the epithelial cells, both of the glands and of the 
general surface, are goblets. Solitary follicles 
are numerous and large. Corresponding to each of 
them there is a depression in the mucous membrane, 
into the bottom of which the follicle projects. 

In the human colon the longitudinal layer of the 
muscular coat forms three bands, between which 
it is very thin or deficient. 

In the rectum the muscular coat is very thick, and 
at the lower part contains some striated fibres. 

At the anus the columnar epithelium passes into 
the compound scaly epidermis. There is a narrow 
zone of transitional epithelium between the two. 
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Around the anus is a ring of very large sweat glands, 
called the clrcsiunanal glands. 

The blood- Yessels of the large intestine resemble 
those of the stomach. 

The lymphatics form a plexus just under the 
surface of the mucous membrane, and another in the 
submucous tissue. 

In the walls of the stomach and intestines there 
exist two remarkable nerve plexuses, one lying be- 
tween the longitudinal and circular layers of the 
muscular coat, and called the myeiiteric plexus, 
or plexus of Anerbaeli; the other situated in 
the submucous coat, and called the plexus of 
Meissner. 

Each of these plexuses consists of nerve fibres, 
which are exclusively non-medullated. In Auer- 
bach's plexus the fibres run in flattened bundles, 
surrounded by a distinct sheath, or perineurium, 
lined with endotheloid cells. The bundles form a 
very beautiful and regular fundamental network, with 
polygonal meshes. At the nodal points of this net- 
work are groups of ganglionic cells. Each cell is 
flattened, branched, and contains a single nucleus. 
From the fundamental network finer bundles come 
off, and form in its meshes a still closer secondary 
network, connected with which there are (at least in 
mammals) no ganglionic cells. 
" Auerbach's plexus communicates through the in- 
ternal muscular coat with Meissner's plexus. This, 
situated in the submucous coat, is less regularly 
formed than is the myenteric plexus. Its bundles of 
fibres are thinner, and their meshes are less regular 
in form and size, and do not all lie in a single plane. 
The ganglia are not so flattened, and the individual 
cells are rounder. 

The ganglionic nerve-cells belonging to these two 
plexuses are very numerous — probably not less in 
number than those contained in the spinal cord. 

The myenteric plexus of tbe cesopbagns. 
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in that part where the muscular coat consists of 
striated tissue, differs from the corresponding plexus 
in the intestine. It has been well studied by Ran- 
vier. There is a network of non-medullated nerve 
fibres, with ganglia. The meshes of the network 
are larger and more irregular, and the ganglia are 
larger and contain larger nerve-cells than are to be 
found in Auerbach's plexus in the intestine. The 
chief difference, however, consists in the presence of 
medullated nerve-fibres, which are derived from the 
pneumogastric, and which, after dividing and sub- 
dividing, and entering into connexion with the non- 
medullated fibres, terminate in the striated muscle 
by numerous end-plates, such as have been described 
as the terminal organs of motor nerves in the higher 
animals. According to Ranvier, the connexion of 
the medullated fibres with the ganglia is similar to 
that between the fibres of a spinal nerve-root and 
the cells of the spinal ganglia. A nerve cell sends 
a fibre (here non-medullated), which joins in a 
T-shaped figure, with a medullated fibre, at a Ran- 
vier' s constriction. 

A plexus, corresponding to Meissner's, exists in 
the submucosa of the oesophagus. The details of its 
arrangement have not been particularly studied. 

There can be no doubt that the myenteric plexus 
is mainly concerned in regulating the movements of 
the digestive canal. The function of Meissner's 
plexus is uncertain. It may be to regulate the secre- 
tion of the glands, or to supply the muscularis mucosae 
and the blood-vessels of the mucous membrane. 

The digestive tube may be hardened in chromic acid, or the 
chromic salts, but strong alcohol alone gives good results, and 
has the advantage that the sections stain quickly and well, 
which is not the case when the parts have been acted on by 
chromium compounds. 

I. CEsophanirQ* of a dog cut into short pieces, and hardened 
in alcohol. Vertical sections through the coats, cut accurately 
either transversely or longitudinafiy ; stained in logwood ; 
mounted in Canada balsam or dammar. 

The difiierent layers of which the tube consists may be seen 
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with a lens, or very low power of the microscope. The details 
of each must be studied with the high power. Observe the 
compound scaly epithelium; the firm fibrous structure of the 
mucosa ; the muscularis mucosae, composed of smooth musciilar 
tissue, and not forming a compact layer, but consisting of 
bundles cut across if the section be transverse ; in length if 
longitudinal : below this the acini of the mucous glands, their 
ducts passing to the surface, where they open each by a narrow 
mouth ; the loose connective tissue of the submucosa, con- 
taining blood-vessels ; the two muscular layers, consisting, in 
the upper part of the oesophagus, of transversely-striated fibres, 
with which in the lower part smooth fibres are mixed. If the 
section be transverse, the fibres of the internal layer are cut in 
length ; those of the external are divided across ; if longitudinal, 
the opposite is the case. Hence the direction of the section 
may be known by the appearance of the muscular coat. This 
is true for the whole intestine. 

2. Vertical sections through the coats of the cardiac end of a 
dog*s stomachy hardened in alcohol, stained in logwood or 
cochineal ; best of all, in logwood and eosine, which stain the 
chief cells blue, and the parietal cells bright red. The section 
should be very thin, and mounted in glycerine or balsam. 

The muscular coat has an irre^ar appearance, varying 
according to the direction of the section. The submucosa, 
composed of loose areolar tissue, contains no glands. In the 
mucous coat notice the short depressions passing down from the 
free surface and the ridges between them ; the high columnar, 
often goblet cells which cover these parts. From the bottoms of 
these depressions the long tubular glands passing down to just 
above the muscularis mucosae. These glands run a somewhat 
sinuous course, and are consequently often not seen in their 
entire length. Their lumen is very narrow, and will not be visible 
if the section passes at one side or the other of the axis of the 
tube. Observe the continuous lining of the gland by — (i) poly- 
gonal cells, with round nuclei (chief or principal cells). These 
cells stain in logwood and cochineal better than the — (2) large 
oval granular cells (parietal cells), which lie outside them. 
These, on the other hand, stain intensely red in eosine. They 
are numerous at the upper part of the gland, more scattered 
below, and are often seated in depressions of the basement 
membrane. 

Observe the tissue of the mucous membrane between and 
below the glands. It contains numerous lymph corpuscles, 
which are sometimes crowded together to form a follicle. The 
muscularis mucosae consists of two or three layers, and sends 
bundles of fibres between the glands. 

In the submucous and deeper parts of the mucous coat 
numerous blood-vessels will be seen. 

3. Sections through the mucous membrane of the cardiac end 



DIGESTIVE ORGANS. 177 

of the stomach, parallel to the surface, and made at different 
depths, stained as above, and mounted in glycerine or balsam. 
{a). Near surface. Cross section of pits or ducts, which appear as 
round spaces, lined by columnar (goblet) cells, {b). A Httle 
deeper, through necks of glands. These are seen as groups of 
small round figures, with a ver^ narrow lumen, and lined by small 
pyramidal celk (chief cells), with several large oval cells (parietal 
cells) lying external to tnese, and sometimes between them. 
{c). Deeper, through the fundus of the glands. The glands are 
larger ; the lumen, although small, is distinct ; the chief cells 
are p3^midal, the bases external ; most glands present one or 
two parietal cells, but some may want these entu-ely, owing to 
the more scattered disposition of the parietal cells in the deeper 
parts of the glands. 

4. Vertical section through the coats of the pylorle portloA 
of the stomach. The pits, much longer than at the cardiac end, are 
lined by columnar goblet cells. From the bottom of these come 
off glands, narrow at their origin, subsequently beconung wider, 
and which branch and spread out horizontally. Consequently, 
many are separated from the pits to which they belong, and are 
seen in cross section. Their epithelium consists of long columnar 
cells, with crescentic nuclei near the attached end. The inter- 
glandular tissue is here more abundant than at the cardiac end. 
It is not necessary to make horizontal sections, as the pits do 
not differ from those of the fundus, except in their length, and 
many of the glands are seen cut across in vertical sections. 

5. Longitudinal section through the Jimctiom of CBaopkm* 
l^s mmd stommek. The vessels injected with Prussian blue. 
Stained in cochineal ; mounted in Canada balsam. The muscular 
and submucous coats and the muscularis mucosae pass continuously 
from the oesophagus into the stomach. There is no considerable 
thickening of the circular muscular coat, no true cardiac sphincter. 
The transition from the glandless mucous membrane of the oeso- 
phagus, with its papilbs and compound scaly epitheUum, to. 
that of the stomach, with its glands and columnar epitheUum, 
is abrupt. The loops of capilhuy vessels in the papillae of the 
oesophagus and the plexus surrounding the gastric glands will 
be seen. 

6. Longitudinal section through the coats of upper part of 
daodeniim of dog or cat. Stained in logwood, or logwood 
and eosine ; mounted in balsam. External muscular coat cut in 
length. Internal muscular coat much thicker, and cut across, 
fibres appearing as small round or polygonal figures, with or 
without nuclei ; muscular tissue traversed by connective tissue 
bands, with blood-vessels. Submucosa contains Bnmner's 
glands. In camivora these are limited to a narrow region just. 
below the pyloric valve. Observe that they lie below the mus- 
cularis mucosae, which is perforated here and there by a duct. 
Notice the groups of rounded figures, the cross sections of the 
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tubes, lined by epithelium identical with that occurring in the 
glands of the pylorus. Observe the villi projecting from the sur- 
face of the mucosa. Lieberkiihn's glands extend from the surface 
between the villi to the muscularis mucosae, which consists of 
two layers. A lymph follicle will probably be seen in the mu- 
cosa. Observe its similarity to those of the tonsil. 

7. Section longitudinally through Jumetioii of steiBAcli 
mmd duodemuin* Logwood and eosine; balsam. Observe 
the great thickening of the circular muscular coat (pyloric valve), 
appearing in cross section as a triangular figure, tne apex inter- 
naUy. Over this pass the mucous and submucous coats. On the 
duodenal side observe the appearance of villi, the lymph follicle, 
the gradual extension of the pyloric glands through tne muscu- 
laris mucosae to form the glands of Brunner. The muscular 
tissue is red, the nuclei blue. 

8. Longitudinal or transverse section of JcJubiiib* Log- 
wood ; balsam. Observe the great length of the villi. Some of 
the villi may not have smooth outlines, but present transverse 
constrictions and bulgings. This is due to the contraction of their 
muscular fibres which occurs when the Uving tissue is placed in 
the hardening fluid. Observe in the villi the epithelium, with 
scattered goblet cells ; the lymphoid retiform tissue of which the 
villus is composed, and the elongated nuclei of the muscular 
tissue and of the blood-vessels. Lieberkiihn's glands as in 
duodenum. Other coats as before. 

9. Horizontal section of mucous membrane of jejunum. Log- 
wood; balsam. Lieberkiihn's glands cut across, appearing as 
round figures, vdth distinct lumen, surrounded by columnar epi- 
theUum, mixed with goblet cells. Interglandular tissue a reti- 
culum, with numerous lymph corpuscles. 

10. Section through Peyer^s pmtek of dog. Logwood ; 
balsam. Muscular coats as before. Numerous lymph foUicles, 
some appearing to Ue altogether in the submucous coat, others 
perforating the muscularis mucosae and extending to a variable 
distance into the mucosa. This difference depends on the part 
of the follicle which is cut. Each follicle is flask-shaped, its 
broadest part lying in the submucosa. If the section oe made 
through the periphery of the follicle, this will appear to Ue alto-^ 
gether below the muscularis mucosae ; but if nearer to the axis, 
it will extend into the mucosa also. Where a follicle reaches 
the surface, it projects as a high conical elevation, covered by 
columnar epitheUum. Observe how Lieberkuhn's glands are 
pushed aside by the follicles. The villi are smaU^ and are absent 
over the follicles. 

In the cat and dog the lower part ei the ileum is occupied b^r 
-a continuous layer of lymph foUides. 

11. Vertical section through the wall of the Utrge Intestine 
of a dog. Logwood; balsam. Villi absent. Laeberkiihn's glands 
large. Epithelium in dogs contains numerous large goblet 
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cells. Solitaiy Ivmpli follicles of large size, readily visible to the 
naked eye ; nasK-snaped, and Iving in mucous and submucous 
coats ; over each a depression m me mucous membrane where 
Lieberkuhn*s glands are absent. Other coats as before. 

12. Section through coats of small intestine, whose blood- 
vessels have been injected. In the muscularis the vessels form a 
network, with meshes parallel to the direction of the fibres ; con- 
sequently, if these are cut in length, so will most of the blood* 
vessels, and, on cross-section of the muscular fibres, the vessels 
will be mostlv cut across. 

From the large vessels in the submuoosa branches pass into 
the mucosa, and form a plexus about Lieberkuhn's tubes and in 
the villi. Observe that m the villi the vessels lie near the sur- 
face, leaving the axial part free. 

Injected duodenum will show a plexus about Brunner's glands, 
and in the ileum the plexus belonging to the lymph follicles will 
be seen. 

13. Section of small intestine whose Ijrmphatics (lacteals) have 
been injected by puncture. A lymphatic vessel occupies the ax^s 
of each villus, and opens into a plexus situated under the surface 
of the mucosa, and surrounding the openings of Lieberkuhn's 
glands. Between the latter, vessels descend and go to a coarser 
plexus in the submucosa. Lymphatic vessels are seen also be- 
tween the layers of the muscular coat. 

14. Melssmer's and Aaerbach's plexas are best prepared 
by staining with chloride of gold, which is not suitable for class 
woik. Preparations should be examined. Good views of Auer- 
bach's plexus may be got by the method recommended by Orth. 
A piece of the intestine of a rabbit or guinea-pig is distended 
with dilute acetic acid (5 drops to 100 cc. water), the ends tied, 
and the distended intestine placed in the dilute acid for 24-48 
hours. A shallow incision with a sharp scalp^ is made through 
the external muscular coat, and with a fine-pointed pair of for- 
ceps large pieces of the longitudinal muscular coat may be de- 
tached, with Auerbach^s plexus adherent. The pieces are washed 
in water ; stained in logwood ; carefully spread on the slide, and 
mounted in glycerine. The network of nerve fibres and the 
ganglia are stained blue, and can be well seen with a low power* 

III. — Liver, 

The bulk of the liver is formed of the Itepatlc 
cells, which are polygonal epithelial structures. 
They have no cell-wall ; they possess each one, or 
sometimes two, round or oval nuclei. The proto- 
plasm frequently contains fat, or glycogene, or pig- 
ment granules, besides other granules of an albumi- 
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noid character, and which become pale with acetic 
acid. In the protoplasm the appearance of a network 
is sometimes very distinct. These cells do not form 
a diffuse, uniform tissue, but are grouped into little 
masses, the hepatic lobules, whose outlines, as well 
as general arrangement, are determined by the dis- 
tribution of the blood-vessels. 

The liver receives blood from two sources — namely, 
the hepatic artery and the portal vein. The blood of 
both these vessels is conveyed away by the hepatic 
veins. The hepatic veins, in their course through 
the liver, run alone, and are surrounded by very little 
connective tissue, but are closely attached to the he- 
patic tissue, and consequently remain open, and do 
not collapse when cut across. 

When the bepailc Yeins are followed to their 
smaller divisions, there can be seen through their 
thin walls a polygonal network, formed by the out- 
lines of the bases of the hepatic lobules, which are 
closely attached to the exterior of the vessels. These 
small hepatic veins, as they run in immediate apposi- 
tion with the bases of the lobules, are called suMo* 
bnlar Yeins. From them there come off, nearly at 
right angles, minute branches, each of which enters 
into the interior of a lobule, and is consequently 
called an intralobular Tein. 

A hepatic lobule has, roughly stated, somewhat 
the shape of a conical bullet ; its base rests on the 
sublobular vein, and it is through the base that the 
intralobular vein penetrates the lobule, and in its axis 
that it runs. It does not, however, run the entire 
length of the lobule, but at a certain point it breaks 
up into a system of capillaries, which have a general 
radiating course towards the periphery of the upper 
or conical portion of the lobule. Before breaking *up 
finally into these capillary vessels, the hepatic vein» 
from the moment of its entrance into the lobule, 
gives off from its sides a number of capillaries, which 
all diverge in a radial direction towards the sides of 
the lobule. All the capillaries of the lobule, although 
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they run on the whole a radiating course, branch and 
anastomose freely, so that the lobule is occupied 
by a close capillary plexus, with radially-disposed 
meshes, and the centre of which is the intralobular 
vein. 

The portal Tein enters the liver at the portal 
fissure, in company with the hepatic artery and duct. 
These three vessels branch together, and run in com- 
pany down to their very finest ramifications, and con- 
stitute what are called the portal systems. The 
spaces in which they lie are called portal canals. 
They are always surrounded by a considerable quan- 
tity of loose connective tissue, which allows the large 
thin-walled portal vein to collapse when it is cut 
across. The connective tissue which ensheaths the 
structures of a portal system is called the capsule 
of CHlsson. The terminal branches of the portal 
veins still enclosed in this capsule reach the outer 
side of the lobules. They must, therefore, be placed 
between neighbouring lobules, and are consequently 
called interlobular Teins. 

In most animals the connective tissue is limited 
to the immediate neighbourhood of the interlobular 
veins, and appears in sections only as little triangular- 
shaped patches, lying at intervals about the cir- 
cumference of the lobules. In some few animals, 
however, of which the pig is an example, each lobule 
is completely enclosed by a fibrous capsule, which is 
continuous with the connective tissue surrounding 
the portal vessels, or the capsule of Glisson. 

The interlobular veins having reached the peri- 
phery of the lobules, break up into capillaries, 
which, entering the lobules on all sides, run in each 
lobule centripetally towards the intralobular vein. 
These are the capillaries which have been already 
described as forming the radially- disposed network 
in the lobule. They, therefore, communicate be- 
tween the interlobular portal vein and the intralo- 
bular hepatic vein. The intervals between these 
capillaries are filled by hepatic cells, which lie closely 
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together ; and as the material which fills up the inter* 
stices of a network which is extended in all directions 
must itself form a network, the masses of hepatic 
cells in each lobule form a network, with elongated, 
radially-disposed meshes. The network of vessels is 
so close, that each hepatic cell is in contact with at 
least one, and generally with several capillaries. 

' The bepattc artery breaks up into capillaries 
in the portal canals, and supplies the connective 
tissue, the walls of the portal veins and of the bile 
ducts. From these capillaries are formed veins (in- 
ternal roots of the portal vein), which again break up 
into capillaries, and join the capillary system of the 
lobules. A direct anastomosis of primary or arterial 
capillaries of the hepatic artery with the lobular ca- 
pillaries takes place to a very limited extent only. 
Hence it will be seen that, although the blood enter- 
ing the lobule comes from two sources, yet it is all 
venous — the portal blood having become venous in 
the stomach and intestines, the blood of the hepatic 
artery in the portal canals. 

From the account which has been given of the 
shape of the hepatic lobule, and of the arrangement 
of parts in it, it is clear that the appearances must 
differ greatly according as a section goes through 
the axis of the lobule or at right angles to this. In 
the first case the lobule appears as as an elongated 
figure, the intralobular vein is cut in length, and its 
capillary branching is evident. In the second, the 
lobule has a roundish shape, with the intralobular 
vein cut across in its centre, from which the blood- 
vessels and hepatic cells radiate towards the peri- 
phery. 

The limits of each lobule can admit of no doubt in 
those livers in which the lobules are enclosed in a 
fibrous sheath, but in the human liver and that of 
most mammals the outlines of the lobules are very 
badly defined. Taking the lobules as rounded bodies 
lying in contact with one another, it is clear that 
there must be triangular-shaped intervals between 
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them. In these intervals there appear the termi- 
nal divisions of the portal vein, hepatic artery, and 
hepatic duct ; but in the interspaces between these 
terminal portal systems there is nothing to separate 
one lobule from another, except that at the boundary 
line, the centre from which the cells and capillaries 
appear to radiate alters. The radiation is more dis- 
tinct near the centre than at the periphery of the 
lobule ; and if the section fall obliquely, or so as not 
to include the intralobular vein at all, the boundary 
of the lobule can only be drawn by an imaginary line 
connecting together the different portal systems which 
lie at its periphery. 

The intralobular vein is the most important land- 
mark, since it fixes the centre of the lobule. It may 
always be readily distinguished by its lying alone, 
and having only a very minute quantity of connective 
tissue about it, while the portal veins are always ac- 
companied by the hepatic arteries and bile ducts, and 
surrounded by the capsule of Glisson. 

The walls of the larger bile ducts are composed 
of connective tissue, with a considerable number of 
smooth muscular fibres arranged transversely and 
obliquely. 

The epithelium consists of high columnar cells, 
with a striated border, like that in the intestine. 
There are numerous mucous glands opening into the 
larger ducts, while the smaller ducts have branching 
diverticula, which probably serve as glands. The 
finer interlobular ducts have a thin connective tissue 
wall, with scattered muscle cells and a cubical epi- 
thelium. They branch freely, and form a network 
which surrounds the lobules. 

The intralobular ducts, or bile caplllaiies, form 
a network surrounding the hepatic cells. Whether 
they are merely fissures between the cells, and 
bounded only by them, or whether they have a proper 
wall, is still a doubtful point, as is the exact mode in 
which they communicate at the periphery of the lo- 
bules with the interlobular ducts. In the interior of 
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the lobules the bile capillaries and the blood capil-' 
iaries are always separated by at least half the dia- 
meter of a hepatic cell. The blood capillaries are 
generally situated where the angles of several hepatic 
cells meet, while the bile capillaries run between the 
apposed surface of the cells. This arrangement, 
however, is by no means constant. 

The i^all-bladder is lined by columnar epithe- 
lium, with a striated border. The mucous membrane 
has numerous folds on its inner surface, which gives 
it a honeycomb appearance. There is a muscular 
coat mixed with much connective tissue, the whole 
being covered by peritonaeum. The blood-vessels 
of the gall-bladder and of the larger bile ducts are 
numerous, and derived from the hepatic artery. There 
are some acinose mucous glands in the wall of the 
gall-bladder. 

The liver is enclosed in a dense fibrous cap- 
sule, from whose deep surface processes pass into 
the organ between the superficial lobules, and which 
is continuous with the connective tissue of the portal 
canals at the transverse fissure. Outside the proper 
capsule is the peritonaeum. 

The nerves of the liver are derived from the caeliac 
plexus, and in part directly from the right pneumo- 
gastric. The fibres are mostly of the non-medullated 
variety, and are probably for the supply of the blood- 
vessels and ducts. Whether any direct connexion 
exists between the secreting cells and the nerves is 
unknown. Ganglia are said to exist in the walls of 
gall-bladder and larger ducts. 

Tlie lymphatics of the liver are superficial and 
deep. The former run in the capsule, where they 
form a network ; the latter in the portal canals. In 
the interior of the lobules an interval can frequently 
be seen between the capillaries and the hepatic 
cells, which is considered to be a lymphatic space; 
so that the capillaries are supposed to lie in a 
perivascular lymphatic. Traversing these lymphatic 
spaces are a few branched connective tissue cells. 
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The lymphatics of the gall-bladder join, in the 
portal fissure, with the deep lymphatics from the 
liver. 

1 . A section is made into the liver of a recently-killed animal, 
dog, rabbit, &c. The surface of the section is gently scraped 
widi a scalpel, and the scraping dif!used in a drop of salt 
solution on a sUde. On examination with a high power there are 
seen, besides numerous blood corpuscles, the Uver cells, large, 
polygonal, granular bodies, often containing fat and pigment 
granules. 

Irrigate with acetic acid, when the cells will become less 
granular, and the nuclei will become more distinct. 

2. Pieces not larger than a cubic inch of the liver of a pig are 
suspended in a large quantity of Miiller's fluid, which) is 
changed every day for the first three or four days. AJfter 
about four weeks tne pieces are removed, washed in water, and 
placed in alcohol, wnich should be changed after twenty-four 
hours. 

Sections, which should be of a good size, and which are con- 
seauently best made with some form of microtome, are stained 
in logwood, and mounted in balsam. 

With a very low power the section is seen to be divided into 
spaces by clear lines, which form a network. The spaces are 
the lobules ; the dear lines are the connective tissue capsules, 
which in the pig surround and separate the lobules. The spaces 
have not an imiform size and shape — some are elongated; 
others more roundish, or evenly polygonal. This is due to the 
fact that the lobules do not lie all in one direction, so that a 
section made in any plane cuts some in length, others across, 
others obliquely. In the centres of many of the spaces the 
intralobular veins are seen. When the spaces have an elongated 
shape, and are consequently cut in length, the vein appears as a 
long figure. If the lobule is cut across, the vein appears round. 
In either case it is seen that the vein is unaccompanied by any 
other vessel, and that it is surrounded by little or no connective 
tissue. In some lobules two intralobular veins may be found. 
Moch more commonly lobules will be seen without any vein in 
their interior. This is due to the section having passed either, 
transversely through the lobule above the point, where the intra- 
lobular vein resolves itself into capillaries, or longitudinally or 
obliquely between the vein and the periphery of Sie lobule, so 
that the vein is not included in the section. 

In those lobules in which the vein is visible it is seen that the 
hepatic cells lie in rows, which radiate from the vein, and have 
clear lines between them. These Unes are the empty capillary- 
vessels. When the section has gone at right angles to this 
radiation, or, in other words, is parallel to the long axis of the 
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lobule, the capillaries 'will be seen with a high power as minTite 
round openings between the cells. Numerous blue dots cover the 
section of the lobule. These are of two kinds. The most of them 
are round : these are the nuclei of the hepatic cells. Others are 
spindle-shaped, or irregular, and more intensely stained than 
the round nuclei : these are the nuclei of the endothelium of the 
capillary vessels. 

In the nodal points of the network of clear connective tissue 
lines which separate the lobules, that is, where several lobules 
meet by their angles, sections of the interlobular veins, arteries, 
and ducts are seen. The vein appears as a space in the tissue, 
without proper walls, beyond a delicate layer of spindle-shaped 
endothehum bordering its lumen. The artery maybe recognized 
by the spindle-shaped nuclei of its muscular coat. "V^Hien a 
small artery is cut transversely there appear in the centre a 
certain number of small, round, deeply-stained points. These 
are the nuclei of the endothelium, really spindle-shaped, but 
here cut across, and appearing round. Outside these, and, as it 
were, embracing them, are the curved, spindle-shaped nuclei of 
the circular muscular coat. If the artery be very small there 
may be only one muscle-nucleus, appearing as a crescentic 
figure, holding in its concavity two or three endothelial nuclei. 
The small arteries are generally so contracted that their lumen 
is not visible. If the artery be cut longitudinally or obUquely, it 
presents two sets of spindle-shaped nuclei, crossing eacn other 
at right angles. The endothehal nuclei are elongated in the 
direction of the tube ; the muscular nuclei lie across it, so that, 
however an artery is cut, it always has spindle-shaped nuclei in 
one or both directions. 

The small ducts, on the other hand, are lined by a cubical 
epithelium, with round nuclei, and since the cells are of equal 
size, these nuclei lie at close and perfectly regular intervals. If 
the duct be cut across, they form a ring around the lumen, 
which, although small, is usiudly distinct. If the duct be cut 
obliquely or longitudinally, it presents a series of round nuclei 
perfectly evenly spaced, larger and less deeply stained than the 
cross section of the nuclei of the arterial enaothelium, and prac- 
tically unmixed with spindle-shaped nuclei, for the quantity of 
muscular tissue in the small ducts is so minute as not seriously 
to interfere with the diagnosis. 

By attention to these points the distinction between the 
vein, artery, and duct may be readily made; and it must be 
borne in mind, that in a single portal canal several examples of 
each kind of vessel may he met with, since they all brandi 
freely. 

If any of the larger portal canals occur in the section, the 
vessels in them wiU be readily recognized by their ordinary 
characters. Sections of lymphatic vessels are frequently to be 
seen in the portal canals. 
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If the section has gone throa^h the fibrous capsule of the 
liver, it will be seen that this is continuous ¥dtn the septa 
between the superficial lobules. 

3. Section of a rabbit's or dog's liver hardened in Miiller's 
fluid and alcohol; logwood: balsam. The outlines of the 
lobules are more distinct in the Uver of the rabbit than in that 
of the dog or the human liver* In these the appearance are as 
if the fibrous tissue which surrounds the lobules in the pig's 
liver were all removed, except the litUe patches which ensheath 
the interlobular vessels. The intralobular vein and the parts in 
the interior of the lobule are as in the pig's Uver ; but at the 
periphery the lobules are confluent, and are separated by imagi- 
nary lines drawn from one interlobular system to another. Still 
by determining which vessels belong to the interlobular and 
which to the intralobular systems the outlines of the lobules can 
genendly be easUy defined, even when the vessels are not in- 
jected. 

4. Section of the liver of a cat, rabbit, dog, Sec, of which the 
vessels have been injected from the portal vein. If the injection 
be red (carmine), stain with logwood ; if Prussian blue, stain in 
picrocarmine or cochineal; mount in balsam. In the lobules the 
capillaries are seen to form a dense plexus. They form elongated 
meshes, and converge towards the central vein. It may be seen 
how the interlobular vessels spread out their branches on the 
surface of the lobules, and now each vein supplies severd 
lobules, while each lobule gets its blood on one side from one 
interlobular vein, and on the other side from another. With a 
high power it may be seen how the hepatic cells lie in the 
meshes of the capillary plexus, and the relation of the vessels to 
the cells. 

5. In very thin sections of a well-hardened liver minute round 
(^nings may be seen with a high power in the Unes separating 
neighbouring hepatic cells. Each opening is bounded by two 
semicircular depressions, one in each of the apposed cells. The 
openings he not at the angles of the cells, but about the middle 
of the line joining two angles. These openings are cross sections 
of the intralobular bile capillaries. 

Injection of the bile capillaries from the hepatic duct is diffi- 
cult, and can never be more than partially successful, as the 
injection drives before it the contents of the ducts; but by 
introducing into the blood of an animal some coloured substance, 
which is eliminated by the Uver, and killing the animal while 
this eUmination is in progress, the bile capillaries may be filled 
by a natural injection. About as much indigo-carmine in 
powder as will fit on the point of a penknife is introduced under 
the skin of the thigh of a frog, and the wound closed. Twenty- 
four hours afterwards the animal is killed, and the Uver placed 
in strong alcohol, which precipitates and fixes the indigo in the 
bile ducts. Fine sections, mounted in balsam, show the very 
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minute canals filled with blue matter, and forming a network 
around the cells; The intralobular ducts are very much finer 
than the capillary blood-vessels, and form a closer network, the 
meshes of which are never larger than the diameter of a single 
hepatic cell. They are always separated from a blood-vessel by 
half the diameter of a cell. 

6. Sections of a liver which has been hardened in Miiller's 
fluid only, without subsequent treatment with alcohol. The 
sections are placed for some hours in osmic acid one per 
cent., washed, stained in picrocarmine, and mounted in gly- 
cerine. 

The osmic acid stains the fat globules in the cells black. If 
the liver had been in alcohol the fat would have been dissolved 
out of the cells. 

In moderately fatty human livers, such as are very common, 
it will be seen that the fat occurs only in the cells at the peri- 
phery of the lobules. In these cases the outlines of the lobules 
are beautifully defined by the fatty cells. 



IV. — Pancreas, 

The pancreas is an acinose gland, built on the 
same general plan as the salivary glands, from 
which, however, it differs in many important par- 
ticulars. 

A connective-tissue capsule surrounds the gland, 
and gives off septa, which, passing in, divide it into 
larger and smaller lobes and lobules, and sends a 
small quantity of tissue into the spaces between the 
acini. The primary duct divides and subdivides 
until the divisions become extremely small. Th#se 
terminal ducts open into long, tortuous, tubular dila- 
tations, the acini, which are lined by the secreting 
epithelium. 

The primary da<*t has a wall, consisting of con- 
nective tissue, lined by columnar epithelium, and 
has small mucous glands opening into it. In the 
smaller ducts the epithelium becomes lower, and at 
last is almost flattened. There is no part of the 
pancreatic duct with high striated epithelium like 
the intralobular salivary tubes, but the passage from 
the larger to the smaller ducts is gradual. 

The walls of the acini are formed of a basement 
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membrane, strengthened internally by flattened stel- 
late cells. The epithelial eells are pyramidal, 
their base being at the periphery, and their smaller 
end turned towards the lumen of the acinus. Each 
cell consists of an outer part, which is homogeneous, 
or finely striated, and stains with carmine and log- 
wood ; and of an inner zone, which does not stain,- 
and which has a coarsely granular structure. The. 
round nucleus is situated at the junction of these 
two parts. The appearance which the cells present 
varies a good deal, according to the stage of digestion 
in which the animal was at the time of the removal 
of the gland. This is due to the fact that the 
granules which occur in the inner portion of the 
cells are formed of a substance which is used up in 
the formation of the secretion. 

The flat epithelial cells of the finer ducts are 
continued for a certain distance into the acini, 
covering the secreting cells, and separating them 
from the lumen. They are called centroaeinar 
eells. 

The blood-vessels form a plexus, which sur- 
rounds the acini with a close capillary network. 

The lympliatics commence as sinuses about 
each acinus. These open into lymphatic capillaries, 
and these into larger vessels with valves. 

The nerves run with the vessels. They con- 
sist mostly of non-medullated fibres, and are in 
places connected with groups of ganglionic cells. 
Pacinian corpuscles occur in the pancreas of the 
cat. 

I. Pancreas of dog or cat hardened in alcohol. Sections 
stained in logwood or carmine, and mounted in glycerine. 

The general appearance of the section resembles at first sight 
that of a salivary gland ; but the absence of the salivary tu^s, 
which are such prominent objects in the salivary glands, serves 
at once to make the distinction. Besides, in the pancreas the 
acini are more manifessly tubular, and their cells, consisting 
of two zones, diflfer from the secreting cells of any variety of 
salivary gland. 
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Observe the acini, with the cells, whose onter part, with the 
nucleus, is stained, but whose inner part is granular and without 
colour. In places centro-acinar cells may be seen in the in- 
terior of the acinus, whose lumen is always smaU. The small 
intralobular ducts, with flat epithelium, may sometimes be traced 
into an acinus. 

In the connective tissue between the lobes some of the 
larger ducts, with high columnar epithelium, may be seen. 

2. Injected pancreas; carmine or cochineal; balsam. A 
plexus of vessds surrounds the acini. 
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CHAPTER XII. 

ORGANS OF RESPIRATION. 

I. — Larynx. 

The thyroid, cricoid, and the greater part of the 
arytenoid cartilages are formed of hyaline carti- 
lage. The cells are flattened near the surface ; deeper 
they are arranged in groups, which are commonly 
elongated and placed perpendicularly to the surface. 
The epiglottis, the apex and the vocal process of the 
arytenoid, and the smaller cartilages, are formed of 
elastic or reticular cartilage. 

The inferior thyro-arytenoid and the middle crico- 
thyroid liKaments consist mainly of elastic tissue. 
In the other ligaments white fibrous tissue prepon- 
derates. The cartilaginous nodule in the posterior 
thyro-hyoid ligament is hyaline cartilage. 

The epltheliain of the epiglottis is compound 
scaly, thicker on the anterior than on the posterior 
surface. Deeper in the larynx this gradually changes 
to columnar ciliated, but on the edges of the true vocal 
cords and for some distance below these, as well as on 
the inner surfaces of the arytenoid cartilages, com- 
pound scaly epithelium is again found. Where this 
latter epithelium occurs, the mucous membrane pro- 
jects into it in the shape of papillae. The columnar 
ciliated epithelium has numerous goblet cells, and a 
narrow zone of transitional epithelium occurs where 
the columnar and scaly epithelia meet. The macous 
membrane of the larynx is dense, and contains a 
considerable quantity of elastic tissue. Under the 
epithelium is a basement membrane, which becomes 
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thicker in the deeper parts of the larynx. The mu- 
cous membrane contains, in places, considerable 
quantities of adenoid tissue. The sabmucoiiB 
tisane is abundant on the anterior surface of the 
epiglottis and the false vocal cords ; scanty in other 
places, as on the posterior surface of the epiglottis, 
the true vocal cords, and over the cricoid and thyroid 
cartilages. Macoas glands are numerous in most 
places, but are absent over the true vocal cords. 
Bodies similar to the taste-buds which occur on the 
fungiform and circumvallate papillae of the tongue, 
exist in large numbers in the epithelium on both sur- 
faces of the epiglottis and on the ary-epiglottidean 
folds ; also in the deeper parts of the larynx, even on 
the edges of the vocal cords (Simanowsky). 

The blood-vessels are numerous, and form a 
plexus in the superficial parts of the mucous mem* 
brane, sending loops into the papillae where these 
are present. 

The lympliatles form plexuses in the mucous 
membrane and submucous tissue. 

The nerves are numerous. Ganglia are said to- 
occur on the posterior surface of the epiglottis. Some 
of the nerves terminate in end-bulbs, others in the 
taste-buds, and others end in the epithelium, either 
in brush-like groups of fine axis cylinders, or in a 
network (Simanowsky). 

II. — Trachea and Bronchi. 

The rings of the traebea and primary broneU. 

are formed of hyaline eartllage of precisely the same 
character as that found in the larynx. They are co- 
vered by a dense periebondrinm, which is conti- 
nued from one ring to the next, and in the interspaces 
between the rings constitutes the outer or fibroos 
layer of the trachea. Posteriorly, extended across 
the space where the rings are deficient, is a membrane 
composed of smooth muscular fibres (traeheaUs 
musele), inserted at each end into the extremities. 
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and iniler surface of the cartilaginous rings. Outside 
the transverse fibres there are some longitudinal 
bundles, and the whole is enclosed in an extension 
of the fibrous tissue which encloses the cartilaginous 
rings. The eplthelluiii is columnar ciliated, with 
numerous replacement cells and goblets. In the dog 
the epithelium of the posterior wall of the trachea, or 
that part where cartilage is wanting, is in many places 
non-ciliated and of a transitional character. The 
epithelium rests on a homogeneous basement mem- 
brane, which is peculiarly thick in the human trachea. 
The mucous membrane contains a very large 
quantity of longitudinally-disposed elastic tissue and 
numerous lymph corpuscles. It is not sharply sepa- 
rated from the submucosa, as is the case in the intes- 
tine, but passes gradually into a loose tissue, in which 
lies an almost continuous layer of acinose mucous 
Inlands, whose ducts open by trumpet-shaped mouths 
on the surface. The glands are often deficient over 
the most prominent part of the cartilaginous rings. 
Posteriorly, where the submucous tissue is scanty, 
the glands occur not only internally, but externally 
to the muscular layer, and among the bundles of this. 
Between the trachea and oesophagus is loose con- 
nective tissue, in which, as in the posterior wall of 
the trachea, microscopic ganglia are often met. 

The blood-vessels, lymphatics, and nerves call for 
no special notice. 

The primary broncbi resemble the trachea, but 
as the air tubes become smaller by division, their 
structure changes. Their wall consists externally of 
a layer of connectlTe tUusue, in which are em- 
bedded irregular-fehaped pieces of cartilage, which 
become smaller and less numerous as the size of the 
tube diminishes. Internal to this is a layer of mus- 
enlar tissue, which completely encircles the bron- 
chus, as the muscular coat does an artery. This 
explains the serious symptoms which may result from 
a spasm of the muscular coat, by which the bronchus 
can be narrowed to a very considerable extent. In- 

o 
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side the muscular layer is the macoiis membrabey 

which contains a very large quantity of longitudinally- 
disposed elastic tissue, and is thrown into a number 
of longitudinal ridges, so that on cross section the 
lumen of the tube has a stellate shape. These ridges 
are persistent, but are made more prominent by a 
contraction of the muscular coat. The eplthelinin 
is columnar ciliated, with goblet cells, and rests on a 
hyaline basement membrane. There are numerous 
mucous glands whose acini lie in the outermost con- 
nective-tissue coat, and whose ducts pass through 
the other layer to open on the surface. The ducts 
frequently present ampuUary dilatations, and are in 
part lined by ciliated epithelium. 

When the bronchi become less than one millimetre 
in diameter^ they are called lobular bronchi, since 
each pulmonary lobule receives one such bronchus. 
They come oflf from the larger bronchi nearly at right 
angles, and their origins follow one another in a spiral 
line. They have neither cartilage nor glands. Their 
wall is composed of conneetlTe and elastic tibi- 
sne, with some smootb mnscnlar fibres. The 
epithelinm is ciliated and columnar, the cells pro- 
gressively diminishing in height as the tube becomes 
smaller. 

These bronchi divide dichotomously, the divisions 
^standing to one another nearly at right angles. Each 
terminal bronchus, or bronchiole, which has a dia- 
meter of about one-third of a millimetre, ends in a 
pulmonary acinus or system of alveolar passages. 

III. — Air Spaces. . 

A pnlmonary acinus is a somewhat conical- 
shaped structure, which receives the bronchiole at its 
apex. It consists generally of three or more tubes 
(alveolar passai^es), which diverge from one 
another. They are not cylindrical, but their wall is 
thickly occupied by hemispherical or polygonal di- 
verticula (alveoli), which open into the alveolar 
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passage, but do not communicate directly with one 
another. Each alveolar passage terminates in a cer- 
tain number of somewhat conical-shaped sacs (In- 
f)andil»iila), whose walls are covered by alveoli ; 
and similar infundibula open off from the sides oif 
the alveolar passages before the termination of the 
latter. 

These infundibula and alveoli, which are the ulti- 
mate air spaces of the lung, are lined by a flat epi- 
flieliuiii, consisting of a single layer of cells, which 
meet by their edges. Two kinds of cells occur — one 
small and granular, and with a distinct nucleus ; the 
other large, very thin, with indistinct nuclei. The 
cells of this latter kind, which are the more nume- 
rous, are probably derived from the former by a pro- 
cess of mechanical extension in the movements of 
respiration. The epithelium rests on a homogeneous 
4Soiineclive tissue, containing cells, with oval nu- 
clei. This is mixed with a quantity of elastic tissue, 
and a few muscular fibres, which are most nume- 
rous where the bronchus passes into the acinus. 
They occur also at the openings of the infundibula 
and of the alveoli, but in the walls of the latter np 
muscular tissue exists. 

Before the bronchi open into the acini, they pre- 
sent for some short distance a gradual change of 
their epithelium, from the columnar ciliated epithe- 
lium of the larger tubes to the mixed large and small 
flat cells of the alveoli. On the walls of these tran- 
sitional tubes a few alveoli are met with (Kolliker)» 

The lung is traversed by tracts of connective 
tissue, which enter at the hilum with the bronchus 
and large blood-vessels, and which at the periphery 
become continuous with the subpleural tissue. This 
connective tissue accompanies the bronchi and larger 
vessels in all their ramifications, and circumscribes 
groups of from two to twenty acini, which groups 
are called lobules. In the human lung the outlines 
of the lobules at the surface are usually very distinct, 
being marked out by black lines, formed by the 

o 2 
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^moke and other carbonaceous matter which hais 
been inhaled during life, and which has found its 
way through the walls of the alveoli into the lym- 
phatics, which exist in large numbers in the inter- 
lobular tissue. Between the acini of a lobule there 
is much less connective tissue than between neigh- 
bouring lobules. Between the alveolar ducts and 
infundibula of the same acinus the quantity of con- 
nective tissue is extremely minute, while the walls of 
adjacent alveoli coalesce, so as to form only a single 
hiembrane. 

IV. — Blood'Vess$ls. 

The larger bronchi are accompanied by branches 
of the pulmonairy artery and vein. The artery 
and the bronchi branch together, and continue in 
company until the latter enters the acinus. Before 
this point is reached the vein separates from the 
artery and bronchus. Arrived at the acinus, the 
artery divides into a number of smaller branches, 
which resolve themselves into an extremely close 
plexus of capillary vessels, by which the walls of the 
alveoli are covered. 

The capillaries project into the lumen of the 
air-spaces, and running a tortuous course, wind 
backwards and forwards through the alveolar walls, 
so as to project sometimes into one alveolus, some- 
times into the other. They are covered by the large 
thin epithelial cells, while the small granular ones 
lie in the meshes of the vascular network. The 
artery, like the bronchus, enters the acinus at its 
apex, while the Telns originate at the periphery of 
the acinus; and it is not until they have attained 
some size that they come to join the arteries and 
bronchi. 

The walls of the bronchi down to their termina- 
tions in the acini are supplied by the broncUal 
arteries, and the blood is conveyed away by the 
bronehial Teins. These vessels, of course, run 
With the bronchi. At the termination of the bronchi 
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there is a more or less free anastomosis between « 
tne capillaries of the bronchial and those of the pul- , 
monary systems. 

V. — Lymphatics. 

The lymphatics of the lung are very numerous. 
Their arrangement has been exhaustively studied by 
Klein. He describes three systems — (i), the suIin- 
pleural plexus, lying in the pleura, and arising 
partly in this tissue, partly from the walls of the 
superficial alveoli. Some of the vessels from this 
plexus pass to the bronchial glands without entering 
the lung ; but the most of them pass into the latter, 
and join (z), the perivascular lympliaties, which, 
arise in the walls of the alveoli, and accompany the 
vessels as a plexus, or as sinuses. (3). The peri- 
broncUal lympliatiGs belong to the walls of the 
bronchi, with which they run, communicating fre- 
quently with the perivascular plexus. In the walls 
of the alveoli there exists under the epithelium a 
system of juice-canals, or a lymph canalicular system, 
which communicates with the interior of the air- 
spaces by stomata between the epithelial cells. Par- 
ticles can readily pass from the cavity of the alveoli 
into the juice- canals, and the alternate contraction 
and expansion of the lung serve to force on the 
stream of lymph towards the bronchial glands, to 
which all the lymphatics converge. This passage 
of solid particles from the air-spaces into the lym- 
phatics has been amply proved by experiments on 
animals, and can be seen in the body of almost every 
adult human being. The black pigment in the 
interlobular lymphatics and bronchial glands consist 
mainly of little masses of smoke, dust, &c., which 
have been introduced into the body with the in- 
spired air. The cavity of the pleura communicates 
by true stomata between the endothelium on the sur-' 
face of the lung with the juice-canals of the pleural 
Qonuactive tissue. There are stomata in the parietal 
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pleura also, but they are absent on those parts which 
correspond to the ribs. 

Along the course of the larger and smaller bronchi 
are accumulations of lymph corpuscles, sometimes 
grouped into follicles, at others more diffusely ar- 
ranged. They are sometimes true lymph follicles ; 
but sometimes the corpuscles lie merely in the ordi- 
nary connective tissue, and a reticulum, such as 
occurs in genuine adenoid tissue, is absent. Little 
masses of adenoid tissue are found frequently im- 
mediately under the pulmonary pleura (J. Arnold). 

VI. — Nerves. 

The nerves of the lungs are numerous, and consist 
of bundles both of medullated and ofnon-medullated 
fibres. They accompany the bronchi. Other ter- 
minations than those in the muscular tissue of the 
vessels and bronchi are unknown. Ganglia occur 
on the course of the nerve trunks. 

I. The trachea of a child is hardened in chromic acid for A 
week or ten days, and then in alcohol. Transverse and longi-' 
tudinal sections are made, stained in cochineal, and mounted in 
balsam. 

TransTerse Seetion. — The crescentic-shaped piece of 
hyaline cartilage is seen enclosed in fibrous tissue. The trache- 
alis muscle completes the tube posteriorly. In man the muscu- 
lar tissue is attached mostly to the extremities of the cartilage; 
but in the dog and the cat the attachment is to the outer or 
convex side of the cartilage at some distance from its extremi- 
ties (Stirling). The submucous coat contains fat in places and 
the acini of the mucous glands* These appear as groups of 
roundish bodies. In some of these the epithelium is granu- 
lar, in others dear and transparent. Klein thinks that the 
acini whose epithelium is granular were at rest, while those 
whose cells are transparent were secreting at the time of death« 
Crescentic-shaped groups of granular celk are often seen at the 
periphery of the supposed active acini. The ducts of the glands 
are lined by colmnnar epithelium, which is ciliated near their 
opening on the surface of the trachea. The mucous membrane 
contains a great deal of elastic tissue longitudinally disposed, 
consequently here cut across, and appearing as shining un* 
stained points. In the mucous membrane are numerous lymph 
corpuscles, which are rarely grouped to form follicles. Nume- 
rous blood-vessels are seen in the mucous and submucous coats^ 
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Under the epithelium is a very thick, homogeneons, basement 
membrane. This is much less distinct in lower animals. The 
epithelium is columnar ciliated. In good sections the ciliated 
cells, goblet cells, and replacement ceUs can be distinctly seen. 

I^onyitndiiial Section* — ^The pieces of cartilage appear 
of an oval shape, flatter on their outer than on their inner side. 
They are surrounded and joined together by fibrous connective 
tissue. Inside this is the submucous coat, with the glands, which 
are less numerous opposite to the pieces of cartilage than between 
them. In the mucous coat the elastic tissue will be seen to form 
a network, with long meshes. The basement membrane and 
epithelium appear as in the transverse section. 

GangUa are not so commonly seen in the human trachea as in 
that of the dog. 

2. The lunys of a recently-killed cat are filled from the tra<« 
chea with one-fourth per cent, chromic acid. The trachea is tied, 
and the distended lungs are placed in a large quantity of the chro- 
mic acid solution. In . a week or ten days the lungs, now set in the 
distended condition, are cut into small pieces, washed in water 
until free of the chromic acid, and preserved in alcohol, which 
during the first few days must be changed two or three times. 

Sections are best made with the freezing microtome, which 
fyr cutting the lungs is invaluable. 

Sections should be made across the line of the bronchi, and 
others perpendicularly through the pleura. 

A cross section of a middle-sized bronchus wiU show a fibrous 
coat enclosing oval or crescentic-shaped masses of cartilage. 
Inside this there is a continuous layer of circular muscular fibres: 
more internally, the mucous membrane, which contains many 
elastic fibres, here seen in transverse section. The lumen of the 
tube is stellate ; this is due to the numerous longitudinal ridges 
in the mucous membrane, which are here cut across. The epi- 
thelium is columnar ciliated, and rests on a basement membrane, 
much thinner than that in the trachea. Mucous glands lie in 
the outer fibrous coat, and their ducts penetrate the other tissues. 
Accompanying the bronchus there is a branch of the pulmonary 
artery and vein. Bronchial arteries, bundles of nerve fibres, and 
possibly ganglia, may be seen. The lymphatics may be recog<* 
nised as splits in the connective tissue, lined by spindle-shaped 
endotheli^d cells. Accumulations of lymph corpuscles (lymphoid 
follicles) are very common. All these structures are enclosed in 
a considerable quantity of loose connective tissue. 

The pulmonary vein runs with the larger bronchial tubes, but 
in the more peripheral parts of the lung the veins run an isolated 
course. 

The small bronchial tubes, still accompanied by the arteries, 
have a circular lumen, bordered by low cubical cells, scanty mus- 
cular tissue, no cartilage or glands. 

Between the large vessels and tubes is seen the spongy tissue 
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of the lung, consisting of the alveolar passages, and infhndibiila, 
with their alveoli, cut in various directions. A number of spaces 
are seen, some of which are small — these are the alveoli ; others ' 
are larger — these are the infimdibula and alveolar passages. If 
the latter are cut across between the openings of alveoli, the 
s^tion is even and round ; but if the section passes through the 
openings of the alveoli, then the outlines are irregular and scal- 
loped, the depressions being the alveoli opening off from the 
central passage. The walls of some of the alveoli are seen in 
section ; in others a surface view is got. On the latter numerous 
QUclei are seen. Some of these belong to the epithelium of the 
alveoli, but most of them are the nuclei of the capillary vessels. 

- By a fortunate chance the opening of a terminal bronchus into 
the alveolar passages ma^ be seen, but this is not likely to occur 
unless a large number of sections are examined. 

, In sections made perpendicularly through the surface of the 
lung the pleura is seen running smoothly, while the sub-pleursU 
tissue, of looser structure, dips into the lung between the lobules. 
The conical shape of the superficial infimdibula may be seen. 

3. Sections of the lung of a rabbit or cat whose air-spaces have 
been filled by a solution of nitrate of silver, one-half per cent^ 
and whjich has been hardened in the distended condition by 
alcohol. Sections made by the freezing microtome, stained in 
logwood, mounted in glycerine. The outlines of the epithelial 
cells on the walls of the alveoli and infundibula are marked out 
by fine black silver lines, as in an endothelium. Some of these 
cells are large and unstained, resembling ordinary endothelial 
cells; others are smaller and granular, and stain brown with 
silver. The nuclei may be seen in many of the cells. 

4. The lung is moderately distended with air, and the trachea 
tied. The blood-vessels are then injected with Prussian blue 
fh)m the pulmonary artery, and the still inflated lung placed in 
alcohol. Next day it may be cut in pieces and me alcohol 
changed. Sections by freezing. Cochmeal or picrocarmine ; 
balsam. The dose plexus of capillaries is seen on those alveoli 
which present themselves in face, and in the meshes are seen the 
red nuclei of the epitheHum. "When the alveolar walls appear in 
section, it can be seen how the capillaries project into the lumen 
of the alveoli, and twine backwards and forwards, so as to present 
themselves sometimes in one, sometimes in the other alveolus. 

It will be noticed that a single artery gives capillaries for 
several alveoli, and that the arteries and veins lie at opposite 
sides of the capillary plexus. 



URINARY ORGANS. zoi 



CHAPTER XIII. 

URINARY ORGANS. 

l.'-The Kidney. 

' The kidney is a compound tubular gland. All the 
tubes which enter into its composition run a similar 
course, which is very long, and complicated by nu- 
merous bendings and changes of structure. Before 
describing the tubes, it is necessary to call attention 
to certain divisions of the substance of the kidney 
and certain markings on it which can be recognised 
with the naked eye. 

If a kidney be divided longitudinally into two equal 
parts by an incision passing through its convex edge, 
it will be seen to be a hollow organ, enclosing a 
cavity in its interior. This cavity is called the pel<^ 
▼Is, and passes internally into the ureter, while on 
all other sides it is bounded by the kidney substance. 
This latter projects into the pelvis in the form of 
conical processes, which are called paplllsB. In 
the kidneys of many of the lower animals there is 
only one papilla. In the human kidney there are 
several. Each papilla is the apex of a cone, the base 
of which is placed peripherally, but does not reach- 
the surface of the kidney. The cone is called a 
pyramid of Blaiplglil, or simply a pyramid; and 
the Slim of the pyramids form what is called the 
medullary portion of the kidney. 

The pyramid has in all parts a streaky appearance, 
the striae all diverging from the papilla. Next this, 
for about two-thirds of the entire depth of the pyra- 
mid, the striation is obscurely marko^, but in the 
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outer third it is very distinct, and in kidneys whose 
blood-vessels still contain blood it is seen to consist 
of alternate colourless and red lines — the former 
being urinary tubes, all running parallel to one 
another; the latter being blood-vessels, also run- 
ning a parallel course. This outer part of the pyra- 
mid is distinguished from the inner by many important 
details of structure, and is called the Intermediate 
portton or border layer, while the inner part is 
called the papillary portion. At the base of the 
pyramid sections of several large blood-vessels may 
be seen. 

Covering the bases of the pyramids, and extending 
in between them, if there is more than one, is the 
cortical portion of the kidney, which extends to 
the surface of the organ. The structure of this is 
manifestly different from that in the pyramids. It 
still presents a radial striation. The lines of parallel 
tubes in the intermediate layer pass continuously into 
the cortex, and, becoming narrower as they extend 
towards the periphery, disappear a short distance 
below the surface. These extensions into the cortex 
are called the mednllary rays, or pyramids of 
Ferreln. Between these are no longer parallel sets 
of blood-vessels, but a substance which looks granu- 
lar, and which will be shown to consist of tubes 
twisted very much, and pursuing a most tortuous 
course, and consequently cut in all directions. This 
is called the labyrinth. In the labyrinth may be 
seen, in congested kidneys, minute red points. These 
are the Malplghlan bodies* Those parts of the 
cortex of the kidney which dip down between the 
bases of the pyramids are called the eolumnA 
Bertlnl. 

Course of the Tubes. — ^The best description 
of the course of the urinary tubules is that which has 
been given by Klein. The following account is sub- 
stantially the same as his, some of the less important 
subdivisions being omitted : — 

Each renal tube commences iathe labyrinth of the 
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cortex of the kidney by a spherical or oval dilatatioiii 
called the capsule of Boifrmaii* This opens by a 
constricted neck into a wide tube (primary con« 
Tolnted tube), which is very much twisted, and 
lies in the labyrinth. After running for some dis- 
tance this convoluted course, it enters a medullary 
ray, and, becoming straight or slightly spiral, passes 
to the junction of the cortex and medulla. Where 
it is situated in the medullary ray, it is called the 
spiral tube. Arrived at the base of the pyramid, 
it suddenly diminishes in diameter, and the narrowed 
tube, which is known as the descending limb of 
Henle's loop, runs straight through the interme- 
diate portion and into the papillary portion of the me- 
dulla, where it abruptly bends on itself, and runs back 
again through the intermediate portion and into the 
cortex. The bend is called Henle's loop. Shortly 
after making the bend, the tube becomes wider, and 
is called the ascending Umb of Henle^ loop. 
This, when it reaches the cortex, enters a medullary 
ray, and, with numerous changes of diameter, runs 
for some distance in this towards the surface of the 
kidney. Sooner or later it leaves the medullary ray, 
and, entering the labyrinth, it presents a number of 
sharp bends and sudden variations of calibre, so as 
to justify the term Irregular tube applied to this 
portion. The irregular part of the tube, after a short 
course, changes its character, and passes into a por- 
tion which in every respect resembles the primary 
convoluted tube, and which is called the secsondary 
convoluted or Intercalated tube, and which 
lies in the labyrinth. The intercalated tube is con* 
tinuous with a narrow tube (arcbed portion of 
excretory tube) which pursues an arched course, 
with the convexity turned towards the surface of the 
kidney, and which opens into a tube which, running- 
in a medullary ray, passes straight into the pyramid, 
and through the two portions of this to the apex of 
the papilla, where it opens into the pelvis. This 
stralgbt excretory tube receives in the cortex* 
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great numbers of the narrow arching tubes, each oi 
which is the termination of a tube which has origi- 
nated in a Bowman's capsule and pursued the course 
which has been described. The straight tube also 
joins with other straight tubes, chiefly in the pyra- 
mid ; and as these tubes coalesce, the calibre of the 
resulting tube increases. Close to the apex of the 
papilla a great number of straight tubes join, and the 
resulting tubes, of which in the human kidney there 
are from ten to twenty-five opening on each papilla, 
are called the papillary ducts. 

To recapitulate, we have in succession — i. Bow- 
man's capsule, opening by a constricted neck into 
2. primary convoluted tube; 3. spiral tube; 4. de-- 
scending limb of Henle's loop ; 5. ascending limb 
of Henle*s loop; 6. irregular tube; 7. intercalated 
tube; 8. narrow arched portion of excretory tube ; 
9, straight excretory tube ; 10. papillary duct. 

The part of the kidney where each of these is 
found is given in the following table : — 

i Bowman's capsule. 
Primary convoluted tube. 
Irregular tube. 
Intercalated tube. 
Arched portion of excretory tube. 

{Spiral tube. . 

Ascending limb of Henle's loop. 
Straight excretory tube. 



Medulla, < 



Tnterm^diflte (I>esccndmg limb of Henle's loop. 
1!!!21^ ^Ascending limb of Henle's loop, 
portion, . I^straight excretory tube. 

tion, . . I papillary duct. 



• The bend of Henle's loop is sometimes found in the inter- 
mediate portion of the pyramid, and the structure of the tube at 
the bend sometimes resembles that of the ascending limb of the 
loop. 
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The total average length of each tiriniferous tube 
in the human kidney has been calculated to equal 
50 mm., or about two inches. 

It is evident that, owing to the coalescence of the 
excretory tubes, one papillary duct is in connexion 
with a very large nuniber, probably about one thou- 
sand capsules of Bowman. Each duct may be con- 
sidered the place of coalescence of a system of tubes 
whose collecting and spiral tubes lie in one medul- 
lary ray, and whose convoluted tubes and Bowman's 
capsules lie in the circumjacent labyrinth. Such &. 
portion of renal substance may be looked on as an 
unity, as has been done by Ludwig, who speaks of it 
as a prlmltlTe cone or lobule. 

Stractare of the Tabes. — Near the apex of 
the papillae the tubes are separated by a considerable 
quantity of connective tissue, and here they have, be* 
sides their epithelium, no proper wall separable from 
the surrounding tissue. In every other part of their 
course they are formed by a homogeneous base* 
ment membrane, containing at intervals a few 
nuclei, and lined by a single layer of epithelial 
cells. These cells differ considerably in the differ- 
ent portions of the tube. 

The interior of Bowman's capsule is lined by flat 
cells. At the neck the cells become cubical. In 
^ome lower animals the portion of the tube corre- 
sponding to the neck is very long; and lined by cili- 
ated epithelium. In mammals the neck is much 
shorter^ and, although cilia have been described as 
occurring in this part of the tube in the sheep^ 
horse, rabbit (Hassall), and mouse (Klein), it can- 
not be said as yet that their presence is general. In 
the convoluted tubes the cells are large, polygonal 
bodies. Each cell has a rounded nucleus situated 
about. its .middle. External to the nucleus it pre- 
sents a radial striation similar to what was seen in 
the epithelium of the salivary tubes, and which seems 
to be due to a number of rods, or very fine tubes, 
iembedded in the protoplasm of the cell. The spiral 
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,tube has the same kind of epithelium. The descend- 
ing limb and the bend of Henle's loop have flat epi- 
thelium. The cells are thickened in the middle, 
where the nucleus is placed, and appear spindle- 
shaped in profile view. As soon as the ascending 
.limb of the loop re-enters the intermediate portion 
it widens, and regains an epithelium, which contains 
rods, but, corresponding to the less size of the tube, 
which in some of its narrow parts is very thin indeed, 
the cells axe of less height than in the primary con- 
voluted and spiral tubes. In the irregular portion 
,of the tube the rod structure of the epithelium is 
much coarser than in any other part of the whole 
tube. The nuclei lie very near the inner ends of the 
cells, and, owing to the sharp bends in the tubes, the 
rods are frequently disposed obliquely to the wall. 
In the intercalated portion the epithelium is similar 
to that in the primary convoluted tube ; and here the 
rod epithelium ceases. The arched excretory tubes 
have flat or cubical, and the straight excretory tubes 
and the papillary duct have columnar epithelium, 
showing no vestige of rods, and becoming progres- 
sively higher as the lumen of the tube increases. 
The following Table gives the kind of epithelium 
found in each part of the tube : — 

/ Bowman's capsule. 

Rat epitheUum, . . ^^^0^*^^ ^'°'' '""* ^^ °^ ^"^^'^ 

\ Arched excretory tubes. 

i Primary convoluted and spiral tubes. 
Ascending limb of Henle's loop. 
Irregular tube. 
Intercalated tube. 

Columnar epithelium, ( Straight excretory tube, 
without rods, , . ( Fapillaiy duct. 

The path of the blood through the kidney 
equals in complexity the arrangement of the tubules. 

The large divisions of the renal artery, after 
giving ofl" some branches to the mucous membranQ 
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of the pelvis, pass to the bases of the pyramids, 
where they divide into large vessels, which form 
arches between the cortical and medullary por- 
tions* These vessels do not communicate with one 
another, so that the arches are not complete* From 
the arches there come off large numbers of vessels, 
which run radially through the cortex (always in the 
labyrinth) to near the surface of the kidney. These 
are the straight ascending, or Interlobular 
arteries* From all sides of these there come off 
minute arteries, each of which bends slightly back- 
wards towards the medulla, and then perforates* the 
membrane of one of Bowman's capsules at a point 
nearly opposite to that at which the convoluted tube 
emerges. This small artery is the vas afflerens. 
Having entered the capsule, by a rapid process 
of division, it breaks up into twenty to thirty 
capillary vessels (the glomemlns), which form 
loops, whose convexity is directed away from the 
point of entrance of the vas aflferens, and which 
do not communicate with one another. The capil- 
laries converge to a small vein (vas elTerens), 
which leaves the capsule close to the point of en- 
trance of the artery, and then breaks up again into 
jcapillary vessels, which surround the tubules 
with a close plexus, whose meshes are polygonal 
in the labyrinth, more elongated in the medullary 
rays. 

Prior to entering the capsule of Bowman the vas 
afferens frequently gives off a minute twig, which 
passes direct to the tubular capillaries, . without 
having taken part in the formation of the glome- 
rulus. 

♦ This is not strictly true. The glomerulus really lies ex- 
ternal to the wall of the uriniferous tube, and receives a covering 
from it. The glomerulus pushes this before it into the interior 
of the capsule. The whole is somewhat analogous to a serous 
membrane. The covering of the glomerulus corresponds to the 
visceral layer, the outer wdl of Bowinan's capsule to the parietal 
layer, and the slit-like interspace to the serous cavity. 
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. The interlobular arteries sometimes terminate hy 
dividing into their last vasa afferentia, but more 
frequently they extend to the surface of the kidney, 
and having given oif some twigs to the most super* 
ficial tubules, terminate by anastomosing with the 
vessels of the capsule. 

The yeims of the cortex arise by coalescence 
of the tubular capillaries. On the surface of the 
kidney several small veins coalesce, and form stellate 
figures, known as the stellalsB of ITerheynlvs, 
From these are formed veins (Intertobnlar Telns), 
which pass through the cortex in company with the 
interlobular arteries, receiving on all sides smaller 
vessels derived from the tubular capillary plexus. 
At the junction of the cortex and medulla the inter- 
lobular veins pass into toiioiib arches, which run 
at the bases of the pyramids, and which anastomose 
with one another, to form the great tributaries of the 
renal veins. 

The medullary portion of the kidney is supplied 
by vessels which run in the interspaces between the 
medullary rays. These vessels are called vasa recta* 
They arise in different ways. Some few are true 
arteries, and come off from the arterial arches, which 
give origin to the interlobular arteries of the cortex. 
Others are the vasa efferentia of the innermost Mal«- 
pighian glomeruli ; and again, others are veins 
originating from the tubular capillaries of the cartex. 
Whatever their origin, they divide into a number 
of branches, which mn in bundles parallel to one 
another. They pass into capillaries, which sup- 
ply the tubes of the pyramids, and, bending round, 
coalesce to form straight veins, which pass back 
through the same fissure in the intermediate portion 
as those in which the arteries lie, and finally pass 
into the venous arches at the bases of the pyramids. 
A special network of small veins exists about the pa« 
pillary ducts. It communicates with the other vessels 
of the pyramid. ' 

The vessels which form the glomerulus do not 
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hang naked into the interior of the capsule, but they 
are covered by a layer of epithelium, whose cells are 
flattened, and which is continuous with that lining 
the interior of the capsule. Between the capillaries 
is a small quantity of connective tissue. This epithe- 
lium and connective tissue are important, as it is .in 
them that the earliest changes occur in some, if not 
most, forms of Bright' s disease. 

There is a layer of the cortex next the periphery 
which contains no glomeruli or capsules, and another 
thinner layer next the pyramids equally free from 
these structures. 

The glomeruli are not all of the same size. In 
animals those near the periphery are smaller than 
those more deeply situated, while in men large and 
small glomeruli are irregularly distributed in the 
cortex. 

There is a plexus of lymphatlGS in the capsule 
of the kidney, and another in the connective tissue 
which accompanies the larger vessels. These plexuses 
communicate with one another. Besides these, lym- 
phatic spaces have been described between the tu- 
bules. 

The nerves are mostly of the non-medullated 
kind, and run with the arteries. They have some 
microscopic ganglia on their course. Their termi- 
nations are unknown. 

The kidney is surrounded by a mass of adipose 
tissue. Inside this is the proper eapsule, con- 
sisting of fibrous and elastic tissue and some smooth 
muscular fibres. The deeper part of the capsule is 
of loose structure, and is continuous with the inter- 
stitial connective tissue. This exists in most places 
in very small quantity, but in the papillae there is a 
considerable amount of dense connective tissue. 
Also surrounding the larger vessels and around each 
of Bowman's capsules more or less connective tissue 
is always found. 

Twigs from neighbouring arteries — suprarenal, 
lumbar, phrenic — reach the surface of the kidneys, 

p 
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and there anastomose with the most peripheral 
branches of the renal vessels. 

The pelvis of the kidney is lined by transi* 
tional epithelium. This rests on the mucous mem* 
brane, formed of fibrous and elastic tissue, and which 
has no papillae, and is said to possess a few acinose 
mucous glands and lymphatic follicles. The submu^ 
cosa contains fat. Outside this is smooth muscular 
tissue, arranged in two layers — an inner radial, an 
outer circular — and continuous with the muscular 
coat of the ureter. On the renal papillae the cir* 
cular layer of fibres is most developed. The outer 
layer of the capsule of the kidney is continuous with 
the connective tissue which ensheaths the renal ves- 
sels, while the deeper loose layer extends into the 
hilum as far as the attachment of the mucous mem- 
brane of the pelvis. 

II. — The Ureter and Bladder, 

The ureter is lined by transitional epithelium. 
Acinose glands have been described in the mucous 
membrane, but their existence is doubtful. The mus- 
cular coat consists, in the upper part, of an external 
circular and an internal longitudinal layer of fibres. 
To these there is added in the lower part, a third, ex- 
ternal layer of longitudinal fibres. There is a nervous 
plexus in the muscular coat. 

The epithelium of the bladder is transitional, 
but when the organ is distended all the cells are flat. 
There are numerous acinose glands in the mucous 
membrane of the bladder. 

The muscular coat is composed exclusively of un- 
striped fibres, lying in several badly diflferentiated 
layers. In the outer layer longitudinal bundles of 
fibres preponderate. In the inner layer the bundles 
have a more circular course. 

The bladder is abundantly supplied with nerves, on 
which are seated numerous ganglia. 
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The kidney should be divided longitudinally or transversely, 
placed for two days in five per cent, neutral chromate of ammo- 
nia, washed in water, and men placed in alcohol, which should 
be changed once or twice, until the hardening is completed. 
The sections should be as large as possible, and it is essential 
that they should be made either radially from the papilla to the 
Siuface, or at right angles to this — that is, tangentially. 

I. Radial Seetion* — Stained in logwood or cochineal; 
mounted in balsam, or, in order to see fine details of structure, 
in glycerine or Farrant's solution. With a low power observe in 
the cortex the alternate lines of straight tubes (medullary rays) 
and convoluted tubes (labyrinth). Observe in the latter the Mai- 
pighian bodies l3dngin two rows, and notice their absence from a 
zone extending for some distance from the surface of the kidney. 

Trace the medullary rays into the intermediate zone, and ob- 
serve here the tubes, mostly dark and distinct, and all running 
parallel to one another. The apparently granular tubes are the 
ascending limbs of Henle's loops. These cease abruptly at the 
junction of the intermediate and papillary portions. In the latter 
the tubes are much less opaque, and become very large as the 
papilla is approached. Sections of large arteries and veins are 
seen at the junction of the cortex and pyramid. 

With the high power try to make out the dififerent portions of 
the tube. This is not difficult, if a diagram be drawn of the 
entire tube, so as to show in what parts of the section its differ* 
ent portions lie. 

a. In the labyrinth observe the Malpighian bodies. The 
loops of capillaries will be seen in the mterior of Bowman's 
capsule. This latter is lined internally by very thin, flat cells, 
appearing spindle-shaped on section. The tuft of vessels pre- 
sents a great number of nuclei, most of which belong to the 
capillaries, but some to the epithelium and connective tissue. 
The afferent and efferent vessels may be seen, and in a fortunate 
section the opening into the convoluted tube. From some of 
Bowman's capsules the glomeruli may have fallen out, leaving 
round holes. Each capsule is surrounded by some connec* 
tive tissue. All about the Malpighian bodies are sections 
of the primary convoluted tubes, cut in various directions. 
Choose a cross section. Observe the basement membrane ; the 
high epithelium leaving a very small lumen : the round nuclei 
and the striation of the outer parts of the cells. Choose a long 
section. Focus for the upper surface. Observe the coarsely 
granular appearance of the cells. The apparent granules are 
Sie ends of the rods. Find an irregular tube. This is readily 
recognised by its irregular contour, its strongly-marked rod 
epithelium, and its nuclei, which stain very deeply, and lie near 
the inner ends of the cells. The intercalated tube is not to be 
distinguished from the primary convoluted. The arched excre* 
tory tube is recognised by its small size, its coalescence with 

P 2 
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other tubes, and its epithelium without rods. Running radially 
through the labjrrinth between the rows of Malpighian bodies 
are the interlobular arteries and veins, which do not difier from 
similar objects in other parts. The arteries will be recognised by 
their transverse muscular coat, and the thin- walled veins often 
contain blood. 

b. In the mednllary ray all the tubes are cut in length, 
and are seen to run paraUel with one another. The spiral tube, 
in structure identical with the primaiy convoluted, forms the 
most prominent constituent, llie ascending limbs of Henle'B 
loops are much narrower, in places extremely narrow, but still 
witn opaque rod epithelium. The straight excretory tubes 
fewer tnan the others, but easily distinguished by their smooth 
transparent epithelium and relatively large lumen. 

c. InterBiediate portion* — Here the most conspicuous 
objects are the ascending limbs of Henle's loops. Tney are 
wider here than in the cortex. The straight excretory tubes are 
as in b. The descending limbs of Henle's loops are thin 
tubes, resembling capillary blood-vessels. They are distinguished 
by having a greater number of nuclei, and having a bs^ment 
membrane outside the epithelium, by not branching or anasto** 
mosing, and by their connexion with either the termination of a 
spiral tu1>e or with the commencement of an ascending limb of 
tne loop. At the base of the pyramid sets of vasa recta are 
seen to dtemate with sets of straight tubes. 

d. Papillary portion. — The tissue here is much more 
transparent than in the intermediate portion, owing to the 
absence of tubes with rod epithelium, which is very opaque. 
The loops of Henle may be seen; they generally occur near 
the intermediate zone, but some reach pretty far down into 
the papillary part. They must not be confounded with looping 
capillary blood-vessels. The straight excretory tubes and papil* 
lary ducts form, with the blood-vessels and connective tissue, 
the remainder of this part. 

2. Tangential Sections — a. Through cortex. — ^The 
labyrinth will be seen to be a continuous structure, through 
which pass at intervals sets of straight tubes (medullary 
rays), running radially, and here cut across. The cross view 
of the tubes of the medullary ray will complete the notions 
of their structure, got by seemg them in length in the radial 
section. 

b. Through Intermediate portion. — ^All the tubes cut 
across. The ascending limbs of Henle's loops recognised by 
their coarse rod epitheuum, the descending limbs appearing as 
thin tubes, lined by flat epithelium, the central portion of each 
cell corresponding to the nucleus bulging into the lumen of the 
tube. The excretory tubes with relatively large lumen, and low 
columnar epithelium without rod structure. Cross sections of 
sets of vasa recta are seen among the tubes. 
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r. Tlirough Papillary portion. — ^Excretory tubes much 
larger. Lumen large. Epithelium distinctly columnar. Papil- 
lary ducts are wide tubes, with beautifully regular columnar 
epithelium. The tubes are separated by a considerable quantity 
of dense connective tissue. 

3. IiUected Kidney. — ^Radial section of kidney whose 
blood-vessels have been injected with Prussian blue; cochineal ; 
balsam. 

The distribution of the vessels will be readily understood from 
the description already given. The formation of the Malpighian 
glomerulus will be much more distinct than in uninjected pre- 
parations. 

4. Small bits of fresh kidney placed in a mixture of strong 
hydrochloric acid one, water three parts, for twenty-four hours, 
and then in water for twelve hours. The connective tissue is 
dissolved, and considerable lengths of the tubes can be isolated. 
It is by this method, rather than by sections, that the course of 
the tubes has been made out. The acid injures the epithelium, 
but not to such a degree as to render the different parts of the 
tube indistinguishable from one another. The tubes are very 
brittle. It is better to place small fragments of the softened 
kidney in a drop of water on the slide, and try to shake them 
asunder by tapping the glass, rather than to attempt to separate 
the tubes witn the needle. The examination is best made with 
a low power without a cover-glass. If this latter be applied, it 
should be supported at the edges by small fragments of thin 
glass, so that it may not press on the object. Bowman's cap- 
sules, attached to considerable lengths of the convoluted tubes, 
are commonly seen. The abrupt passage of the spiral tube into 
the thin descending leg of Henle's loop, complete loops, and 
the coalescences of excretory tubes, are aU frequently met with. 
If the kidney of a small animal, such as a mouse, be used, very 
considerable portions of the whole length of a tube may be got, 
as, for example, the whole length from Bowman's capsule 
to the descending limb of Henle's loop, inclusive ; or the two 
limbs of the loop, the irregular, intercalated and commence- 
ment of the excretory system. By piecing these different 
fragments together, tne entire course of me tube may be 
made out. 

5. Small fragments of the cortical portion of the kidney, pre- 
ferably of a rat, macerated twenty-four hours in five per cent, 
neutral chromate of ammonia, torn up, and examined in a drop 
of glycerine, show the separated epitnelial cells of the convo- 
luted tubes. The rods to which the radial striation is due are 
seen embedded in the protoplasm of the cells. Some of the ceUs 
may be broken and the rods isolated, showing that they are not 
mere markings on the cells. 

6. The transitional epithelium of the excretory urinary pas- 
sages has been already examined. To see it in siiu^ the bladder 
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of a dog should be moderately distended with 0.25 per cent, 
chromic acid, and placed in the same flaid. After a week 
it should be washed, and the hardening completed in alcohol. 
Vertical sections, stained in logwood or picrocarmine, are 
mounted in glycerine. 

The ureter may be similarly treated. It is to be noted that 
in the upper part of the ureter, contrary to the usual arrange- 
ment, tne circular muscular coat is external, the longitudinal 
internal. 
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CHAPTER XIV. 

MALE ORGANS OF GENERATION. 

I. — Testicle, 

Thb testicle is a compound tubular gland. It is co* 
vered by a serous membrane, tunica Taslnalls, 

under which is a dense fibrous capsule, the tallica 
albugiiica. At the posterior edge of the testicle the 
capsule becomes continuous with an elongated mass, 
composed of fibrous tissue, mixed with smooth mus- 
cular fibres, and which projects into the gland almost 
its entire length. This is the mcdiafiitliiiiiii testis, 
or corpus Hlshmoii. From the anterior and 
lateral surfaces of the mediastinum, septa extend to 
the inner surface of the tunica albuginea, and imper* 
fectly divide the organ into a number of somewhat 
conical-shaped compartments or lobes. In many 
animals the corpus Highmori lies, not at the surface 
of the testicle, but in the centre, and septa pass off 
from it on all sides. 

In the compartments bounded by the septa testis 
lie the couTOluted tubes, which secrete the semen. 
These are very numerous, and each tube is of great 
length. At their commencement they anastomose 
with one another and form loops, and they possess 
short diverticula which end blindly, and others which 
join with corresponding diverticula of neighbouring 
tubes. The convoluted tubes retain the same dia- 
meter throughout their course, but by coalescence 
with one another they diminish in number as they 
approach the apices of the conical compartments in 
which they lie. Finally, each tube suddenly nar* 
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rows, and passes into a straight canal, which enters 
the corpus Highmori. In the human testicle there 
are from one hundred to two hundred of these straight 
tubes, or Tasa recta, while there may be as many 
as nine hundred convoluted tubes. In the medias- 
tinum the vasa recta become somewhat dilated, and 
break up into a close network, the rete testis, from 
which there come off ten to twenty vessels (vasa 
elTerentla), which perforate the mediastinum at its 
upper part. At first each of these vessels runs a 
straight course, but it soon becomes very tortuous, 
and forms a convoluted mass of a conical shape. 
Hence these vessels are called coni vascalosl* 
Prom the uppermost of these commences the epi« 
dldymis, a tube of enormous length and tortuosity, 
and which forms a convoluted, elongated mass, ex^ 
tending along the posterior part of the testicle. At 
its upper part it receives in succession the coni vas- 
culosi. At its lower part it becomes less convoluted, 
and passes into the vas deferens, which, bending 
round at an acute angle, passes again upwards, and 
conveys the semen to the urethra. Near the point 
where the epididymis passes into the vas deferens, it 
gives off a diverticulum, often of considerable length, 
which passes upwards and ends blindly. This is the 
Tas aberrans. 

The structure of each part of this complicated tube 
has now to be described. 

I. The ComTOlated Tubes. — The wall is 
formed internally of a thin homogeneous basement 
membrane. Outside this is a laminated tissue, which 
consists of delicate membranes, covered by flat endo- 
thelioid cells. The laminae lie in several layers, one 
over the other, but each of them is perforated by 
holes, so that the spaces between them communicate 
freely. The tissue composed of these laminae passes 
insensibly into that which lies between the tubes, and 
which will be subsequently described. The thickness 
of the wall of the tubes is greater in large animals 
than in small, and is particularly great in man. 
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In the interior of the tubes is a mass of epithelial 
cells, lying in more or less well-defined layers over 
one another, and nearly filling the lumen. It will be 
seen immediately that these cells are not all separate 
from one another, but really form, in many instances, 
protoplasmic masses, each of which contains several 
nuclei. As the masses tend to assume a radial posi* 
tion in the tube, they may extend through tl^e differ* 
ent layers, and may contain nuclei belonging to each 
of these. In sections it is not always easy to see how 
far the protoplasm is divided : this is best made out 
when portions of the tubular contents are torn up. 
Most externally are cells whose nuclei are small, but 
stain very deeply. In suitably prepared objects it 
can be seen that these nuclei have no proper mem- 
brane, and that they consist of stained threads, form- 
ing figures generally somewhat stellate, with less 
deeply-stained substance between. In fact, they 
present the appearances seen in nuclei which are 
undergoing karyokinetic division. Lying at inter- 
vals among these cells are others, which have larger 
nuclei, generally oval in shape, with a well-marked 
bounding membrane and nucleoli. These nuclei 
stain only feebly, and are in a quiescent or resting 
condition. Internal to this first layer are two or 
three rows of cells, possessing nuclei which are much 
larger than those of the outer layers. These nuclei 
also present evidences of active karyokinesis. But 
the threads here form usually a network or convolu- 
tion, and there is a much larger quantity of unstained 
material between the stained threads than there was 
in the nuclei of the cells next the wall of the tube. 

Next the lumen of the tube is a mass of cells, whose 
nuclei are well defined, small, round or oval, and 
which stain very feebly, and do not show any signs 
of undergoing division. 

Lying at intervals among these inner cells, and 
sometimes extending between those of the second 
layer, are groups of elongated, deeply-stained bodies, 
arranged like the barbs on a feather. These are the 
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heads of the spermatozoa. From them long thread- 
like prolongations, the tails, can frequently be seen 
extending into the central portion of the tube. The 
spermatozoa forming each group are not free, bdt 
are embedded in a peculiar structure, which reaches 
to the wall of the seminal tube. This body may be 
called a spermatoblast, although this term has 
been applied by many writers to other structures. 
The spennatoblast rests by an expanded foot on the 
wall of the seminal tube, and in this expansion is 
contained one of the oval resting nuclei described 
as occurring in the outermost layer of cells. From 
this the spermatoblast projects towards the centre of 
the tube as a columnar body, whose sides are marked 
by the impressions of the cells which lie about it. It 
sometimes contains a second nucleus in this part of 
its course, and it sometimes happens that there is no 
nucleus where it is attached to the wall of the tube, 
but that the nucleus is situated higher up. As the 
spermatoblast approaches the central portion of the 
tube it expands, and its expanded head becomes 
deeply lobed. In each lobe there lies, according to 
the stage of development of the spermatoblast, either 
an oval nucleus similar to those of the third layer, a 
completely-formed spermatozoon head, or an inter- 
mediate stage between these. When the develop- 
ment is in an advanced stage, there projects from 
each lobe a long filament or tail. Enormous masses 
of these filaments sometimes occupy the axial por« 
tions of the tube, where they are twisted into a sort 
of vortex. The spermatoblasts are very large and 
conspicuous objects in the testicle of the rat, where 
nothing is easier than to see them, and to trace their 
connexion with the wall of the tube. In other ani- 
mals they are much thinner, and in sections it is often 
difficult to trace the connexion between the foot and 
the head, with its nuclei, although in carefully torn 
preparations this can readily be done. 

It is by no means easy to explain the connexion 
which exists among the elements which form the 
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contents of the seminal tubes. Very different views 
have been put forward by different writers, and the 
subject is as yet one which cannot be looked on as 
settled. The following explanation, however, seems 
best in accordance with the facts : — The appearancea 
of the nuclei in the first two layers of cells are such 
as to make it almost certain that in them an active 
process of multiplication is in progress. The nuclei 
of the second layer are a later stage in the division 
than those in the first ; while the nuclei of the third 
layer are the result of the division of those of the 
second, but themselves divide no further. 

The protoplasm which surrounds these nuclei in 
all the layers is finely granular, and in sections the 
outlines marking the division of this into cells are 
often exceedingly faint and difficult to see. In torn 
preparations it can be made out that there is not a 
distinct and separate cell for each nucleus, but that 
tracts of undivided protoplasm exist, which contain 
in their interior several nuclei. Consequently, we 
may conclude that the nuclei multiply much more 
rapidly than the cells. Since the cells all grow in 
the confined space of the tube, where the only direc- 
tion in which expansion can occur is towards the 
axis, the protoplasmic masses will naturally tend to 
assume a columnar shape. In such columnar masses, 
which contain several nuclei, one of these comes to 
rest — that is, it ceases to divide, and remains at the 
attached end of the protoplasmic column, and be- 
comes the nucleus of the foot of the spermatoblast. 
The other nuclei come to lie at the opposite, or 
central end of the column (or, as it may now be 
called, spermatoblast), having assumed this position 
either by an active process of migration, or, more 
probably, by being pushed inwards by the sur- 
rounding masses of growing cells. Here, havings 
terminated their divisions, and assumed the charac- 
ters of the nuclei of the third layer, the protoplasm 
containing them becomes deeply notched, so that 
the inner end of the spermatoblast consists of a 
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number of lobes, free at their inner ends, but all 
attached to a common stalk at the outer end, or that 
next the wall of the tube. Each lobe contains one 
nucleus. This becomes the head of the spermato- 
zoon, while the tail is developed from the proto- 
plasm of the lobe. The details of this development 
will be described subsequently. As the group of 
spermatozoa approach maturity, the quantity of pro- 
toplasm in the spermatoblast diminishes, and this 
becomes both shorter and thinner than before ; so 
that when the spermatozoa finally become free, 
there remains only a small quantity of protoplasm 
about the basal resting nucleus. What becomes of 
this residue is uncertain. It may undergo atrophy, 
and disappear, or, after a period of rest, the nucleus 
may again become active, and by its division give 
rise to a new crop of spermatozoa. 

Between the spermatoblasts, which lie at intervals, 
are masses of cells, with multiplying nuclei. When 
the spermatoblasts discharge their spermatozoa, 
these cells develop into a second generation of sper* 
matoblasts, and carry on the process of sperma- 
genesis. 

Even in the most active testicle all the tubes are 
not engaged in secretion at the same time, but in 
different tubes, and different parts of the same tube, 
we find places where there are neither spermato- 
blasts nor spermatozoa, but simply protoplasmic 
masses with nuclei. 

In immature animals, and commonly in men who 
die of disease, the tubes of the testicle contain cells 
whose nuclei present no evidence of division, but 
are all in the resting condition ; that is, they have a 
distinct nuclear membrane and nucleoli. 

In young animals the tubes contain some cells of 
very large size, each with a single large spherical 
nucleus. These cells have been compared to the 
ovarian ova. They are probably cells which, instead 
of multiplying by division, have merely increased in 
bulk. 
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A spermatosoon consists of a head, a middle 
piece, and a tail. The head varies very much in 
shape and size in different animals. In man it is an 
irregular flattened oval, narrower and thinner at its 
anterior end than where it is attached to the middle 
piece. In the rat it is hooked ; in many birds 
pointed and twisted like a cork-screw ; in frogs it is 
long and pointed, but straight. 

The middle piece is of variable length, and is in 
man much narrower than the head, to the posterior 
end of which it is attached by a narrow neck. 

From the middle piece comes off the tail, which is 
a long, very thin filament, by whose movements the 
locomotion of the spermatozoon is effected. 

Attached to the middle^ piece and tail of the sper- 
matozoon of the newt is a delicate membrane, whose 
free edge is thickened, and appears as an undulating 
fibre. A similar structure has been described in the 
spermatozoa of mammalian animals and of man 
(Gibbes), but these observations require confirma-* 
tion. 

The nuclei of the third layer, when they are about 
to change into the heads of the spermatozoa, elon- 
gate, and separate distinctly into two parts, one 
which is crescentic in shape, and stains deeply, and 
lies next the lumen of the tube ; the other lies ex- 
ternally, is oval, and is embraced by the stained 
portion. This can be seen very readily in the tes- 
ticle of the rabbit (Brissaud). 

When the lobes of the spermatoblast are formed, 
the nuclei lie at first near their free ends, but subse- 
quently pass downwards towards the attached end of 
the spermatoblast, where they undergo their further 
development. There can be very clearly seen, parti- 
cularly in the rat, the head attached to the base of the 
spermatoblast by a fine thread of protoplasm, which 
is continued beyond the head, and which then swells 
out in the position previously occupied by the lobe 
of the spermatoblast. From this swollen piece the 
tail comes off. On the detached spermatozoa there 
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can still be seen the protoplasmic swelling, corre- 
sponding to the position of the lobe, which is nearly 
that of the junction of the middle piece with the 
tail. This is the case, not only in the rat, but in the 
rabbit and other animals, and is particularly clear in 
the frog. 

It is generally stated that the middle piece of the 
spermatozoon grows from the head. Even if this be 
so, there can be but little doubt that it receives, in 
addition, a covering from the protoplasm of the lobe 
of the spermatoblast, which also probably gives a 
sheath for the head. The tail is derived from the 
protoplasm of the spermatoblast. 

Thus the spermatozoon consists of a head derived 
from the nucleus, a tail spun out from the proto- 
plasm, and a middle piece whose origin is uncertain. 
It would appear that the whole nucleus does not 
become transformed into the head, but only that 
part which forms the intranuclear reticulum, and 
which, from its property of staining intensely in 
many dyes, is called chromatin (Flemming). 

Filling up the spaces between the convoluted 
tubes of the testicle and the blood-vessels is con* 
iiectlTe tissue, which in most animals is mainly 
composed of delicate membranes, clothed with endo- 
thelial cells. This tissue is continuous with the 
walls of the seminal tubes and with the septa of the 
testicle. There occur also peculiar cells, which are 
usually arranged along by the walls of the blood- 
vessels, and lie in the meshes of the connective- 
tissue lamellae. In some animals they constitute 
almost the entire interstitial tissue of the testicle. 
They are large, polygonal or irregular-shaped cells, 
coarsely granular, and very commonly contain pig- 
ment or fat. There is great uncertainty as to their 
real nature. There are very similar cells in the 
interstitial tissue of the ovary, and here their origin 
has been traced to the epithelium of the tubes of the 
Wolffian body (Balfour). A similar origin has been 
assumed by Klein for these cells of the testicle. 
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They are, however, considered by some to be of 
connective-tissue origin, and to be related to the 
so-called plasma cells. 

2. The tubes of the vasa reeto and rete tesUn 
are lined by a low cubical, almost flat, epithelium. 
There is a proper basement membrane in the vasa 
recta, but the tubes of the rete testis lie hollowed out 
in the fibrous tissue of the corpus Highmori. 

3. The coni vanculosl and the epididymis, 
with the vas aberrant, have a high, columnar, 
ciliated epithelium. The cilia of each cell are com- 
monly adherent to one another. These cells rest 
on a connective-tissue membrane, outside which is 
a thick circular muscular coat, with a connective- 
tissue adventitia outside all. The convolutions of 
the tubes are held together by loose connective 
tissue. 

The lymphatles of the testicle commence in the 
interspaces of the lamellar interstitial tissue, which 
communicate with the spaces between the lamellae 
of which the walls of the tubes are formed. These 
spaces open into vessels with proper walls, and which 
lie in the septa and tunica albuginea. 

The blood-vessels ramify primarily on the inner 
aspect of the tunica albuginea and on the septa, 
forming what is called the tunica vasculosa : also in 
the corpus Highmori. From these parts capillaries 
come off, which form a close plexus around the 
tubes. 

In the epididymis there is a very beautiful and 
close network of vessels lying in the mucous coat, 
close under the epithelium, an arrangement which 
has given rise to the view that this part of the seminal 
tube is not merely excretory, but that in it some 
important process of secretion takes place (Mihal- 
covics). 

The course and terminations of the merres of the 
testicle are entirely unknown. 

The vas deferens is lined by columnar epithe* 
lium, which in the lower portion of the tube is 
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ciliated. It rests on a mucous membrane/ formed 
of connective and elastic tissue, and which is sur- 
rounded by a very thick muscular coat, consisting of 
an external longitudinal and an internal circular 
layer, to which in most parts is added an innermost 
longitudinal layer. Outside all is a connective-tissue 
adventitia, in which longitudinal bundles of smooth 
muscular fibres are contained. It is to the great 
thickness 6f its muscular coat that the vas deferens 
owes its hard cord-like feel. In the upper part of 
the vas deferens its mucous membrane presents 
numerous folds and diverticula, from the bottom of 
which open tubular glands. 

The vesleuliB semlnales may be looked on as 
an exaggerated form of these diverticula. Their 
mucous membrane, which is thrown into numerous 
folds, is lined by columnar epithelium. The muscu- 
lar coat consists of three layers, of which the inner 
longitudinal is thickest. 

The dii€stu8 ejaenlatoril have a similar struc* 
ture to the vas deferens, but their coats are thinner, 
and prior to their opening into the urethra the epi- 
thelium changes to a stratified transitional form* 

II. — Prostate, 

The prostate consists largely of bundles of 
smooth muscular fibres, which run among one 
another in various directions, separated by only a 
small quantity of connective tissue. Embedded in 
the fibro-muscular tissue is a large number of branch- 
ing tubular glands, lined by columnar epithelium. 
There are two large ducts, which open one on each 
side of the colliculus seminalis, and in which coalesce 
a considerable number of the gland tubes. Several 
smaller ducts open further forward. The blood- 
vessels form a plexus about the gland tubes. Gan- 
glia and Pacinian corpuscles are found in connexion 
with the nerves of the prostate. 

In the interior of the glandular cavities of the 
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prostate concentrically-laminated bodies are com- 
monly seen, which are sometimes of microscopic 
size, but may form considerable concretions. 

III. — Cowper's Glands, 

Cowper's glands are acinose glands, whose 
ducts and acini are lined by columnar epithelium. 

n,— Urethra. 

The epithelium which lines the urethra is in the 
upper part transitional ; in the cavernous portion 
columnar ; in the fossa navicularis compound squa* 
mous. The mucous membrane consists of fibrous 
and elastic tissue, and outside this is a muscular coat 
composed of circular and longitudinal fibres. Nume- 
rous branching tubular glands (glands of Littr^) open 
into the urethra. 

V. — Penis, 

The skin of the penis is delicate, and, corres- 
ponding to the anterior part of the organ, has few 
or no hairs. On the inner aspect of the prepuce 
and around the base of the corona glandis are se- 
baceous glands. This is one of the few situations 
in which sebaceous glands exist independently of 
hairs. 

The subcutaneous tissue contains no fat. 

The earpora eavernofsa are enclosed each in 
a dense fibrous capsule (tunica albuginea), which 
contains a great quantity of smooth muscular tissue* 
From the interior af the capsule septa af fibro- 
muscular tissue pass in all directions, and anasto- 
mosing, enclose spaces which give to the tissue its 
peculiar spongy appearance. These spaces are lined 
by an endothelium, and are in direct continuity with 
the veins of which they form the dilated cammence- 
ments* The arteries run in the septa, and divide 
into capillaries, which open into the cavernoiis 

Q 
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spaces, from which the blood is carried off by the 
veins. During erection these spaces are enormously 
distended with blood. 

The eorpus sponglofsiiiii urethrae is similar 
in structure to the cavernous tissue of the penis, but 
there is less muscular tissue in the trabeculae. There 
is also in the submucous tissue of the urethra a 
venous plexus, with greatly dilated vessels, and 
which is continued back to the membranous por- 
tion. 

Pacinian corpuscles, which will be described in 
the chapter on the skin, are found on the nerves of 
the skin of the penis. On the glans the nerves 
terminate in peculiar end-organs, named genital 
eorpuscles. These are bodies generally of an oval 
shape, and situated in the papillse of the mucous 
membrane. Each of them contains in its axis a 
nerve-fibre, which loses its white substance on enter- 
ing the corpuscle, and then runs as a naked axis 
cylinder, and terminates in a swollen extremity. It 
frequently branches, and then each branch ends in a 
little dilatation. Surrounding the nerve-fibre is a lon- 
gitudinally-streaked substance, resembling the core 
of a Pacinian corpuscle. Outside this is a layer of 
tissue, which contains transversely-disposed nuclei, 
and the whole is enclosed in several connective- 
tissue laminae, continuous with those of the peri- 
neurium of the nerve, and, like them, clothed on 
both surfaces with endothelial cells. 

The ejaculated semeii contains, besides the 
spermatozoa, fluid derived from Cowper*s glands 
and the prostate; desquamated epithelium and 
spherical bodies, which stain deeply (seminal gra- 
nules), but whose nature is uncertain ; also occasion- 
ally prostatic concretions and a peculiar substance 
which, when the semen is dried, crystallises in long 
octahedral crystals, and which is the phosphatic salt 
of an organic base called spermatin. This is derived 
from the prostate. 
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1. Testicle of a rabbit or cat, hardened in Muller's fluid and 
^alcohol. Section transversely through the whole testicle and 
.epidid3nQais. Logwood ; balsam. The section is extremely fra- 
gde, and some difficulty will probably be experienced in getting 
it perfect on the slide. The oest method is to float the section 
on to the sUde from the alcohol, and, after removal of as much 
fluid as possible with filter-paper, to treat the section on the 
slide with oil of cloves. 

With the low power the fibrous capsule and the septa con- 
verging to the centrally-placed corpus Highmori wiU oe seen. 
Between the septa the convoluted tubes cut in all directions, 
some of them passing into narrow vasa recta, which converge to 
the corpus Highmori, where portions of the rete testis may be 
found. At the side of the testis, sections through the tubes of 
the epididymis will be seen, and probably the vas deferens. 

With the high power it will be seen that the tubes of the testis 
appear almost full of round nuclei, except the central portion of 
some of the tubes, which is occupied by a colourless granular 
mass, consisting of the tails of the spermatozoa and coagulated 
fluid parts of the semen. The nuclei which lie next the wall of 
the tube are smaller and more deeply stained than those which 
lie more internally. Near the lumen of the tube are groups of 
short Hnear, deeply-stained bodies, arranged like the barbs of a 
feather. These are heads of spermatozoa still contained in their 
spermatoblasts. 

The tubes of the epididymis will be seen to have a distinct 
lumen, partially occupied by a granular-looking mass (semen), 
in which are innumerable short, deeply-stained bodies (heads of 
spermatozoa). The epithelium is a single layer of columnar nu- 
cleated cells, each with an oval nucleus. The tube has a distinct 
muscular wall, in which the spindle-shaped nuclei will be recog- 
nised. 

In the vas deferens the thick muscular coat will be noticed, 
and the mucous membrane probably thrown into folds, and con- 
sequently giving the cross section of the lumen a stellate shape. 

Between the tubes of the testicle is the interstitial tissue, con- 
sisting, in the rabbit, mainly of lamellae of connective tissue, with 
oval nuclei of endotheUoid cells; but in the cat containing tracts 
of coarsely-granular cells, resembUng those of epithelium. 

2. To see the different layers of nuclei, the testicle of the rabbit 
is>a very favourable object. A young adult should be chosen, 
and the testicle hardened in strong alcohol, as bichromate of 
potash destroys the nuclear figures. The sections should be ex- 
tremely thin, stained in logwood, and mounted in balsam. Ani- 
line dyes also give good results, but they are more difficult to 
use, and not so permanent as logwood. Next the wall wiU be 
seen one or two layers of deeply-stained nuclei, each presenting 
an irregular figure. Among tnese will be seen the large oval rest- 
ing nuclei, feebly stained, and with distinct outlines (nuclear mem- 

Q2 
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brane). More internally, two or more layers of nucleii large, round, 
and presenting a beautiful network or convolution of coloured 
threads* Most internally, small, round, feebly-staining nuclei, 
with sharply-marked outlines. In some places these have be- 
come elongated : in others are groups of heads of spermatozoa still 
held in their spermatoblasts, which may in some places be traced 
to their attachment to the membrane of the tube. In other places 
free spennatozoa will be seen in the lumen of the tube. Rounded 
masses of protoplasm, each containing several nuclei of the third 
or inner layer, are commonly seen, apparently free, in the lumen 
of the tubes. These are the 'mother cells' of authors. They 
are probably the inner swollen ends of spermatoblasts detached 
by tne section from the outer parts. 

3. Testicle of rat. Miiller*s fluid; alcohol. This object is 
best cut by the collodion method of Matthias Duval, for by any 
of the ordmary means the section falls into pieces, since the tubes 
are held togetner only by a loose tissue, consisting of cells. 

A small piece of the hardened testicle is tr^isferred from 
alcohol to ether, where it is left for ten minutes. Then it is 
placed for some hours in collodion, and then in strong alcohol. 
The collodion is coagulated by the alcohol, but remains perfecUy 
tran^arent. Sections can then be made, and stained in log- 
wood, carmine, eosine, &c., but must be mounted in glycerine. 
The coUodion does not require to be removed from the section, 
as it remains transparent and does not take the colour. It binds 
the tubes together, and gives the piece a suitable consistence for 
cutting. The method of embedding in celloidin, a later modi- 
fication of the collodion method, mil be described in the Ap- 
pendix. 

The seminal tubes of the rat are very large, and the sperma* 
toblasts extremely conspicuous objects. They will be seen either 
as lobed bodies from which the tails of the spermatozoa have 
not yet grown, or in a more advanced form, when the hook- 
shaped heads of the spennatozoa lie in them, and the long tails 
project in a bundle. In this case the spermatoblast is short 
and contracted. Always between the spermatoblasts will be 
seen masses of coherent round cells. Where the spermatoblasts 
are immature, these round ceUs are small near the wall of the 
tube, but larger internally; but where the spermatozoa are about 
to be thrown off, the cells are much smaller and more numerous — 
that is, the nuclei have multiplied by division, so as to be ready 
to develop into spennatoblasts as soon as the spermatozoa of the 
former generation are thrown off. In the tubes of the rat's testis 
there are commonly seen rounded or irregularly-shaped masses, 
of a homogeneous appearance, and without nuclei. They are 
probably coagula. 

4. Small bits of the testicle of the rat, hardened in MuUet's 
fluid, are torn up in a drop of water or dilute glycerine. The 
isolated spennatoblasts will be seen, with their expanded foot, 
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containing a resting nucleus, and their divided inner end. In 
the more mature forms, the head, tail, and the protoplasmic 
swelling, corresponding to the lobe of the spermatoblast, will be 
seen, as well as isolated spermatozoa and round cells. It will 
be seen, as pointed out by Balbiani, that the round cells of the 
first and second layers are attached by processes to the walls of 
the tubes. This attachment is retained until they develop into 
mature spermatoblasts. 

The cells of the interstitial tissue surround the blood*vessels. 
They are irregularly-shaped cells, with processes, by which the 
cells are united to one another in series. 

5. A section is made into the epididymis of a recently-killed 
rabbit. Some of the milky fluid is pressed out, diluted with a 
drop of salt solution, and examined with a high power. The 
movements of the spermatozoa will be seen. Many of the sper- 
matozoa present a uttle protoplasmic swelling at the junction of 
the middle piece with the tail. This corresponds to the similar 
swelling already seen in the spermatozoa of the rat. 

Preparations of the spermatozoa of other animals should be 
examined — man, cat, frog, newt. The spiral .filament will be 
seen in the newt. 

6. Human prostate^ hardened in alcohol. Sections should 
include the urethra. Logwood; balsam. Or double staining 
with eosine and logwood ; balsam. The general substance of 
the organ will be seen to be composed of bundles of smooth 
muscular fibres, interlacing in various directions. These are 
stained red with eosine. Their nuclei, spindle-shaped when 
seen in length, round when seen in section, are coloured blue by 
logwood. Sections of the branching tubular glands appear as 
variously-shaped spaces, lined by columnar epithelium, which is 
blue. Some of the glands will be seen opening into the urethra. 
In some of the glandular spaces, concentrically-laminated con- 
cretions may be present. Sections of blood-vessels and nerves 
will be seen, and groups of ganglionic cells are commonly found. 

7. Transverse section through the penis of a child. Vessels 
injected with Prussian blue; hardened in sJcohoJ^ or chromic 
acid and alcohol. Cochineal ; balsam. 

With the naked eye the section will be seen to consist of three 
parts — the two corpora cavernosa penis, and the corpus spon- 
giosum, surrounding the urethra. With the microscope the 
strong tunica albugmea will be seen giving off the septa which 
divide the large blood spaces. In the septa and albuginea is 
much muscular tissue, recognisable by its spindle-shaped nudei. 
In the interior of each corpus cavemosum will be seen the artery 
of the corpus cavemosum. The larger arteries run in the septa. 
They have very thick walls, and eimer directly, or more com- 
monly after breaking into capillaries, they open into the large. 
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irregular-shaped cavernous spaces, which are filled by injection, ' 
and whose w£dls are covered by an endothelium, the spindle- 
shaped nuclei of which can be seen. 

The section of the urethra has a stellate or linear shape. The 
epithelium, except near the orifice, is columnar. Tubular glands 
may be seen opening into the urethra through the thick mucous 
membrane. 

Pacinian corpuscles occur frequently along the course of the 
large nerves. Their structure will be described subsequently, 
with that of the skin. 
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CHAPTER XV. 

FEMALE ORGANS OF GENERATION. 

I. — Ovary. 

The surface of the ovary is covered, not by a flat 
endothelium, such as that which lines the general 
peritonaeal cavity, but by a layer of columnar epi- 
thelial cells. The line around the attached margin 
of the ovary, where the endothelium and the epithe- 
lium meet, is sharp and well marked, and can be 
readily distinguished with the naked eye. On trans- 
verse section, the ovary is seen to consist of two 
portions — one, which passes from the attached edge 
or hilum into the interior of the organ, consists of 
loose connective tissue, and encloses the larger 
blood-vessels and lymphatics. It is named from its 
position the medullary portion, or, from its vas- 
cularity, the zona Tascnlosa. Surrounding the 
medullary portion, and reaching to the surface, is 
the eortleal portion, or zona, parenchyma- 
tosa, in which alone ova are contained. The 
stroma of this portion is formed of peculiar spindle- 
shaped cells, with long nuclei, and which lie in 
bimdles. As to their real nature, great doubt exists, 
equally respectable authorities afiirming, on the one 
hand, that they are connective tissue, and, on the 
other, that they are muscular. There occur also 
tracts of cells, resembling very closely the inter- 
stitial cells of the testicle, and which, like them, 
have a great proneness to contain fatty granules in 
their interior. These have been shown by Balfour 
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to be of epithelial origin, and to be derived from 
the tubes of the Wolffian body. There is also a 
certain quantity of ordinary connective tissue, chiefly 
surrounding the blood-vessels. 

Embedded in the stroma lie the OTa. There is a- 
portion of the stroma immediately under the epithe- 
lium which is free from ova. This is particularly 
distinct in the human ovary, where it consists of 
bundles of cells arranged in three layers — an outer 
and inner transverse, and a middle longitudinal. It 
is called the tunlea albuglnea; but it must be 
understood that it is not a membrane separable from 
the rest of the stroma, but merely the. superficial 
part of this. 

Underneath the tunica albuginea the ova are 
thickly placed, in some animals forming almost a 
continuous layer. These superficially-placed ova are 
mostly in an immature condition. Each ovum lies 
in a cavity in the stroma, which is not bounded by 
any distinct membrane. The ovum itself is a spheri- 
cal cell, without evident cell-wall, consists of granular 
protoplasm, and contains a large vesicular nucleus, 
in the interior of which is a distinct nucleolus. The 
protoplasm of the ovum is called the yolk, the 
nucleus the germinal Teslele, and the nucleolus 
the germinal spot. The cavity in which the 
ovum lies is called the foUlele. The ovum is 
surrounded by a single layer of flat cells, which 
separate it from the stroma. These cells appear 
spindle-shaped in section. They are the eplilie« 
llnm of the foUlele. 

Passing to the deeper parts of the ovary, we find 
the ova fewer, but more advanced in development. 
The ovum increases somewhat in size, and the epi«- 
thelial cells which surround it increase in number, 
and become columnar in shape, forming a single 
layer of cells arranged radially about the ovum. A 
continued multiplication of the epithelial cells takes 
place, iso that, as the development of the ovum 
advances, it comes to be surrounded by two, and 
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finally by several, layers of cells. Those which lie 
next the ovum and those which line the interior of 
the follicle are columnar ; the intervening cells are 
polygonal. Among these polygonal cells there ap- 
pear clear round spaces, probably cells which have 
become vesicular, and the epithelial cells about these 
spaces arrange themselves radially, so as to form 
very beautiful figures. These clear spaces enlarge 
and coalesce, so that there is eventually found 
among the mass of epithelial cells of the follicle a 
considerable cavity, filled with albuminous fluid, in 
which some detritus of the cells still persists. This 
fluid is called the llqoor fbllieali« It lies between 
a layer consisting of several rows of cells, which lines 
the interior of the follicle, and which is called the 
membrana granulosa, and a mass of cells which 
surrounds the ovum, and which is called the diseoui, 
or eumalus proligeroui^ or OTigeras. This 
latter mass is not free, but is continuous at one side 
with the membrana granulosa, and at the other pro- 
jects into the fluid which fills the interior of the 
follicle. 

Before this stage of development is reached the 
follicle has got a proper wall, or tbeea, which con- 
sists of two layers — an outer, dense, and formed of 
concentrically-arranged fibrous tissue ; and an inner, 
formed of looser tissue, in which are contained 
numerous cells, like white blood-corpuscles, and a 
plexus of capillary blood-vessels. 

The ovum itself has increased in size, and, sur- 
rounding the yolk, there has been formed a thick 
clear cuticulum, or cell-wall, which on section ap- 
pears as a bright border to the ovum, and is called 
the zona pelluelda. This zona is perforated by 
minute radial pores, and has, consequently, a striated 
appearance. It is probably formed by the epithelial 
cells next to the ovum. 

The mature follicle, consisting of its theca, mem- 
brana granulosa, liquor folliculi, and ovum lying in 
the cumulus proligerus, is called a Cfraafian Te- 



134 MANUAL OF HISTOLOGY. 

Blele, or fiiUiele. In the lower animals Graafian 
vesicles, with two ova, are very common. 

The maturation of the ova takes place in the 
deeper parts of the ovary, and the follicle approaches 
the surface only when the ovum is about to be dis- 
charged. 

When the discharge occurs the ovum, with the 
discus proligerus and the liquor folliculi, leaves the 
follicle, and is received by the open mouth of the 
Fallopian tube. The walls of the empty follicle con- 
tract, and the internal layer of the theca being less 
retractile than the outer layer, falls into folds. A 
process of growth then takes place in the inner 
cellular layer of the theca, which not only fills up 
the space rendered vacant by the discharge of the 
ovum, but gives rise to a large mass, which may 
grow to be more than half the size of the entire 
ovary. This is the eorpns Intenm. It consists of 
a sort of granulation tissue, composed of large cells, 
which contain a yellow pigment, and which have 
been classed by Waldeyer among that variety of con- 
nective-tissue corpuscles which he has named plasma 
cells. These cells are contained in the meshes of 
an abundant plexus of blood-vessels, surrounded by 
spindle-shaped cells, which form for them a sort 
of adventitia. What share the membrana granu- 
losa takes in the formation of the corpus luteum is 
doubtful, but it is certainly subordinate to that taken 
by the wall of the follicle. The corpus luteum is a 
temporary structure, and assumes a much larger size, 
and persists a much longer time, when the discharged 
ovum has been impregnated, than when it has es- 
caped this fate. Eventually the corpus luteum atro- 
phies, and a fibrous scar is all that remains. 

Many ova undergo a process of atrophy in the 
ovary, and are never discharged. The atrophy of 
the contents of the follicle is accompanied by a 
growth of connective tissue from its walls, by which 
the cavity is obliterated. 

The larger blood-Teaseii lie in the medullary 
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portion of the ovary. The arteries pursue a spiral 
course, and are known as helicine arteries. Small 
vessels only pass into the cortical portion, where 
they form a close network. The more immature ova 
have no special vessels, but in the internal layer of 
the theca of the larger follicles a very abundant capil- 
lary plexus exists. 

The larger lympbatlcs lie in the medullary 
portion. There is said to be a network of lym- 
phatics between the two layers of the theca of the 
larger follicles. Lymphatics are abundant in the 
corporea lutea. 

The nerves are mostly non-medullated, and are 
probably mainly for the supply of the vessels. Fibres 
have been traced to the neighbourhood of the fol- 
licles, but their terminations are unknown. 

In order to understand the nature of the ovum, 
and why the most deeply-placed ova are the most 
mature, it is necessary to give a very brief account 
of the development of the ovary. This organ con- 
sists at first of a connective-tissue ridge, which 
becomes the future medullary portion of the ovary, 
and is covered by a layer of columnar epithelium, 
the germinal epItheUum. This epithelium pro- 
liferates, and forms several layers of cells. Some of 
these increase in size, and become spherical. These 
are the primordial ova. Outgrowths from the 
connective tissue extend into the epithelium, and, 
leaving always a growing layer of cells on the surr 
face, include groups of the deeper cells. These 
groups are often elongated, and at a certain period 
of this inclusion they are still continuous with the 
epithelium of the surface. This has given rise to 
the idea that the ovary is a tubular gland, a view 
now no longer held. Eventually the groups of epi- 
thelial cells become separated from the surface, 
and ^divided up into smaller groups by complete 
walls of vascular connective tissue. Of the included 
groups of epithelium, the large spherical cells be- 
come the ova, while the other cells of the group 
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become the epithelium of the follicle. Hence the 
ovum, like the spermatozoon, is an epithelial strac- 
ture. Shortly after birth the inclusion of ova ceases. 
This seems to be due chiefly to the formation of the 
tunica albuginea, and it is probable that from this 
period no new ova are formed. The number of ova 
in the ovaries of a girl at birth has been variously 
calculated at from 400,000 to 36,000. 

It is evident that the ova which lie deepest in the 
ovary are those which are first included. They are 
consequently the oldest, and this probably deter- 
mines their more advanced development. 

While there is no doubt as to the origin of the 
ova themselves, there is much difference of opinion 
as to the source from which the epithelium of the 
follicles is derived. Waldeyer and the majority of 
writers derive them from the surface epithelium, as 
described above. Kolliker traces them to the tracts 
of epithelial cells, which Balfour and others have 
shown to reach the ovary from the Wolfl5an body. 
Foulis believes that they are developed from the 
stroma of the ovary, while Harz believes that they 
are formed by proliferation from the ovum after its 
inclusion, to which origin Schafer also in part attri- 
butes them. 

II. — Parovarium. 

The paroTarinm, or organ of Rosenmiiller , 

in the human subject, lies in the broad ligament of the 
ovary. It is a foetal structure, which in the female 
does not develop, but in the male sex becomes the 
epididymis. It consists of tubes formed of connec- 
tive tissue, with a few muscular fibres, lined by co- 
lumnar ciliated epithelium, and which contain a clear 
fluid. 

In some of the lower animals the tubes of the par- 
ovarium lie in the connective tissue of the medullary 
portion of the ovary, and are continuous with the 
tracts of interstitial cells described above. 
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III.— Fallopian Tube. 

The Fallopian tabe, or oviduct, consists of a 
mucous, a muscular, and a serous coat. The tube is 
lined by ciliated columnar epithelium. The motion of 
the cilia is such as to produce a current downwards 
towards the uterus. The mucous membrane, com- 
posed of connective and elastic tissue, is thrown into 
longitudinal folds, which are much higher in the outer 
than in the inner end of the tube ; and in the former 
situation the folding is complicated by the existence of 
secondary folds on the larger primary folds. On cross 
section the depressions between the folds resemble 
tubular glands, but they are lined throughout by cili- 
ated epithelium. The arrangement is analogous to 
that existing in the vas deferens. There is a muscu- 
laris mucosae, composed of longitudinal fibres. The 
muscular coat consists of an inner thick circular layer 
and an outer longitudinal layer, which is thin and not 
continuous. The serous coat is connected to the 
muscular by connective tissue, mixed with elastic 
fibres. At the abdominal end of the tube the ciliated 
epithelium meets the endothelium of the peritonaeum. 

lY.— Uterus. 

The uterus is lined by columnar ciliated epithe- 
lium, resting on a thick mneons membrane, com- 
posed of connective and elastic tissue, and containing 
numerous lymph corpuscles. The mucous membrane 
in the fundus and body has a smooth surface, but in 
the cervix it forms permanent folds — the plicae pal- 
matae. Numerous long, branching, tubular glands, 
lined, like the general surface, by ciliated epithelium, 
open into the cavity of the uterus. 

In the canal of the cervix the ciliated epithelium 
reaches down to a variable level, where it becomes 
continuous with the compound scaly epithelium which 
lines the vagina and the vaginal portion of the cervix. 
The level to which the ciliated epithelium reaches is 
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lower in virgins than in those who have borne chil- 
dren. In the upper portion of the cervix there are 
minute acinose or short tubular glands, lined by 
ciliated epithelium, while glands are wanting in the 
lower portion, where the epithelium is scaly. The little 
vesicles which are known as the ovules of Naboth are 
probably glands whose secretion has accumulated in 
consequence of obstruction of the ducts. There is 
no proper submucous coat in the uterus or cervix. 

The muscular eoat is very thick, and consists 
of smooth muscular tissue exclusively. This lies in 
several layers, whose arrangement is very compli- 
cated. There is a tolerably well-defined external 
layer, in which the bundles run longitudinally; a 
middle layer, which forms the chief mass of the mus- 
cular coat, and in which the bundles are mixed with 
much connective tissue, and run in different direc- 
tions, but mainly transversely and obliquely ; and an 
internal layer, which is considered by many to belong 
to the mucous coat — to be, in fact, a very highly-de- 
veloped muscularis mucosae. Its bundles run longi- 
tudinally, and are situated just below the bases of the 
glands, between which they send processes. In the 
cervix there are three layers, the external and in- 
ternal being longitudinal, and the middle circular. 
The muscular coat of the uterus is continuous with 
that of the Fallopian tubes, and extensions from it 
are continued into the round ligaments and the liga- 
ments of the ovaries, as well as between the layers of 
the broad ligaments. 

The perltonfeam forms the external coat of the 
uterus. 

The Mood-Tessels of the uterus are numerous. 
The most remarkable feature in their arrangement is 
the commencement of the veins in the middle mus- 
cular coat by dilated cavernous spaces, resembling 
those of erectile tissue. 

The lympbatlcs form plexuses under the mucous 
and serous coats, and send numerous branches to the 
mucous membrane and muscular coat. 
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The nerves have numerous ganglia situated on 
their course. Other terminations than those in the 
muscular fibres are unknown. 



V. — External Organs. 

The Taglna is a muscular tube, formed of an ex- 
ternal longitudinal and an inner circular layer of 
smooth muscular fibres. The mucous membrane is 
lined by compound scaly epithelium, into which pa- 
pillae project. There are no glands, except at the 
lower part, in the vestibule, and about the opening 
of the urethra, where acinose mucous glands are 
found. 

The urethra is lined in its upper half with transi- 
tional epithelium, which in its lower half becomes 
squamous. Numerous tubular glands open into the 
urethra. In the muscular coat there are dilated 
blood-vessels — a kind of corpus spongiosum. 

In the clitoris and the Testlbnle is true erectile 
tissue, quite similar to that found in the male genital 
organs. In the clitoris the nerves terminate in genital 
corpuscles resembling those which have been de- 
scribed as occurring in the penis. On the labia 
minora are large subaceous glands, without hairs. 

The glands of BarthoUnus are analogous to 
Cowper's glands in the male, and resemble them in 
structure. 

VI. — Mammary Gland. 

The mamniary gland is surrounded by a cap- 
sule of connective tissue, which sends septa through 
the gland, dividing it into lobes and lobules. There 
is also much fat on the surface of the organ and be- 
tween its glandular parts. On the nipple fifteen to 
twenty large ducts open. Each of these, near its 
orifice, is dilated for some distance, so as to form a 
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sort of sinus. These are much more developed id 
some of the lower animals than in the woman, and 
form receptacles for the milk. Each duct carries 
off the secretion of a lobe of the gland. The ducts 
have a wall formed of connective and elastic tissue^ 
with smooth muscular fibres. The epidermis ex- 
tends for a short distance into the ducts, but soon 
is replaced by a columnar epithelium, which is con- 
tinued into the finer ducts, where it becomes reduced 
to cubical or flat cells. The ducts divide and sub- 
divide, and the terminal branches open into the 
acini, which in the virgin are few, small, and lined 
by columnar epithelium, but in the pregnant or 
lactating woman are greatly increased in size and 
number. Under these circumstances each acinus is 
an elongated space, and appears, according to the 
direction in which the section is made, round or 
oval. Its wall is formed of a homogeneous basement 
membrane, strengthened by flat stellate cells placed 
on its inner side. The epithelium consists of a single 
layer. The cells may be flat, high columnar, or inter- 
mediate between these, the shape of the cells de- 
pending chiefly on the degree of distension^ of the 
acinus with milk, and the period which has elapsed 
since the last suckling (Heidenhain). The cells 
contain fat droplets, and similar droplets,, each sur- 
rounded by an^ albuminous coat, lie free in the comr 
paratively large lumen of the acinus. 

It would appear that,, in the formation of milk, the 
epithelial cells do not undergo destruction, but merely 
discharge the fat drops from their interior. The 
colostrum corpuscles are cellsxrowded with fat drops, 
and still containing their nuclei. They occur in the 
milk for a short time after delivery. Their occurrence 
was supposed to show that, in the formation of milk, 
the epithelial cells underwent a process of complete 
fatty destruction ; but since cells similar to the co- 
lostrum corpuscles are never foxmd in, the epithelium 
of the acinus, it is probable that the colostrum cor- 
puscles are amoeboid cells^ which have taken up into 
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their interior the fat drops which had been discharged 
by the epithelium into the lumen of the acini. 

The acini are surrounded by a plexus of capillary 
blood-vessels, and there is about each acinus a lymph 
sinus, which communicates with proper lymphatic 
vessels. 

The terminations of the nerves are not known. 

In the skin of the nipple and areola there is a con- 
siderable quantity of smooth muscular tissue. 

1. Section of oTary. Best of cat or rabbit. Great care must 
be taken that the surface of the ovary is not touched or rubbed 
before hardening, as the epithelium is readily detached. The 
fresh organ shoiUd be suspended in Muller's fluid, and the hard- 
ening completed in the usual way by alcohol. Logwood ; balsam. 

Or the fresh ovary of a rabbit is placed for twenty- four hours 
in one per cent, osmic acid, well washed in water, and then 
hardened in alcohol. Sections mounted in glycerine. By this 
method the most beautiful results are got. 

Observe the columnar epithelium of the surface ; the super- 
ficial immature ova, each surrounded by a single layer of flat 
epithelial cells ; the more advanced ova, surroimded by a single 
layer of columnar cells, and with commencing zona pellucida ; 
the gradual increase of epithelial cells and formation of liquor 
foUiculi up to the development of the perfect Graafian vesicle. 
Study each part of this as described above. 

Observe the tissue of the ovary, consisting of spindle-shaped 
cells, with tracts of epithelioid cells frequently surrounding the 
follicles, and generally stained black in osmic acid preparations, 
in consequence of the contained fat. 

The medullary portion of the ovary contains no ova, but large 
blood-vessels, the arteries often running a distinctly spiral course. 

2. Section of the ovary from a foetus, human or other mammal, 
hardened in Miiller's fluid and alcohol. Logwood or picrocar- 
mine ; glycerine. 

The germinal epithelium can be seen, according to the age of 
the foetus, consisting of one or several layers of cells. Among 
the columnar cells others can be seen, which are larger, spherical, 
and with distinct nucleus. These are the primordial ova. Ex- 
tensions of the epithelium can be seen dipping down into the 
tissue of the ovary, and consisting of groups of primordial ova, 
surrounded by masses of indifierent epithelium. In the deeper 
parts of the ovary the ova -lie, each enclosed in its own follicle, 
and surrounded by epithelium. 

Sections through the germinal ridge of the chick at the fourth 
or fifth day of incubation should be studied, in order to see the 
first formation of the ovaiy. 

R 
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3. Section of the ovary of a pregnant cat, rabbit, &c. Muller's 
fluid ; alcohol. Logwood ; balsam or glycerine. 

These ovaries contain corpora lutea, and the sections show 
the tissue of large granular cells set in a capillary network. 
In the recent corpora lutea of cows and other large animals, it 
is not uncommon to find crystals of haematoidin, arising from the 
blood which was extravasated when the follicle burst for the 
discharge of the ovum. 

4. Cross section through Fallopian tube* Cat, bitch, or 
woman. Hardened in chromic acid and spirit. Logwood; 
balsam. 

The lumen is stellate, in consequence of the prominent longi- 
tudinal folds of the mucous membrane, which are here cut across. 
The depressions between these look like glands. The epithe- 
lium is columnar ciliated. The muscular coat consists of two 
layers, the inner circular being much the thickest. Most exter- 
nally the serous coat. Large blood-vessels in mucous coat. 

5. In the human female the uterus is a single organ, but in 
most of the lower animals it consists of two tubes or horns, which 
coalesce only at their opening into the vagina, and each of which 
is continuous with the corresponding Fallopian tube. One of 
the uterine horns of a cat or rabbit is hardened in chromic acid 
and spirit. Sections are made transversely. Logwood ; balsana. 

The mucous membrane is thickly infiltrated with lymph cor- 
puscles, and thrown into longitudinal folds, here cut across; 
the epithelium columnar ; the cilia very difficult to see. From 
the surface open numerous tubular glands. These will never be 
seen in their entire length, since they run a very tortuous 
course. 

Muscular coat. — The external longitudinal layer pretty dis- 
tinctly marked, and all its fibres seen in cross section ; the 
middle layer, consisting of fibres interlaced in diffierent direc- 
tions, mixed with connective tissue, and containing large venous 
sinuses; the internal layer sending bundles upwards into the 
mucous membrane. 

6. Mammary inland of woman in later months of preg- 
nancy. Harden in Miiller's fluid. Sections washed in water, 
placed for a few minutes in one per cent, osmic acid, washed, 
stained in logwood or picrocarmine, and mounted in glycerine. 

The acini will be seen as round or oval figures, each bounded 
by a basement membrane, and lined by epithelial cells, gene- 
rally of cubical shape. The fat drops, stained black, are seen in 
the interior of the epithelial cells, and free in the lumen of the 
acini. Sections of ducts will be seen, smaller than the acini, 
and lined by low columnar or flat epitheUum. Between th 
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acini is only a comparadvely small quantity of connective 
tissue. 

If sections of the active mammary gland be mounted in 
balsam, the alcohol and oil of cloves dissolve out all the fat. 
The albuminous coat of the free fat globules can still be seen as 
faint circles, and the place of the fat in the cells is marked by 
spherical vacuoles. 

Sections of an inactive gland should be compared with those 
from the secreting organ. The acini are smaller and fewer ; the 
connective tissue relatively more abundant, and there is no fat 
in the epithelium* 
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CHAPTER XVI. 

THE SKIN. 

^ - — 

The skin, like the mucous membranes, consists of 
two parts, the true skin, cutis vera, dermis or corium, 
and the epidermis. The former is mainly composed 
of connective tissue; the latter is altogether com- 
posed of cells. 

The true skin, or coriam, passes without 
sharp line of demarcation into the subcutaneous 
areolar tissue. In this latter it has been shown that 
the connective-tissue bundles are loosely felted to- 
gether, leaving between them considerable inter- 
spaces. In the skin this interlacement of the 
bundles is much closer, and becomes progressively 
more so up to the surface, the tissue in this way 
increasing in density. In the more superficial layers 
the bundles divide into their fibrils, which interlace 
with oiie another. In some places the deeper parts 
of the skin contain adipose tissue, disposed in little 
rounded masses; but the superficial parts of the 
skin are free from fat. The connective-tissue cells 
are flat, and lie between the fibrous bundles. Elas- 
tic fibres and networks exist abundantly in the skin. 

From the surface of the skin numerous conical 
elevations, named papillae, project into the epi- 
dermis. In most places the papillae are small and 
irregularly scattered, but in others they are very 
large, and disposed with great regularity. This is 
particularly the case in the palms of the hands and 
soles of the feet, where the papillae lie in rows, 
giving rise to the curved lines which are to be seen 
on these parts. 
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The surface of the corium is covered by a thin 
homogeneous layer, which ifl commonly described 
as a basement membrane, and is supposed to consist 
of flat endothelroid cells. ' The existence of such a 
membrane is, however, not universally admitted, and 
the homogeneous border is probably merely formed 
of the cementing substance which exists everywhere 
between the elements of the connective tissue 
(Unna). 

Tlie epidermis is composed of several super- 
posed layers of cells, arranged generally in the 
manner of a compound scaly epithelium, but differ- 
ing from the epithelia in that the cells of the super- 
ficial layer have become completely transformed into., 
horny plates, and have lost their nuclei. 

Four distinct layers can be recognised in the epi- 
dermis: 

1. Tlie mucjoiis layer, stratam mueosum, 
stratum 9EB,ljilsliiiy stratum splnosum.^^Tiiis' 
consists, first, of a single row of coluj3Miar*shaped 
cells, which rest on the basement membrane, or 
layer of cement, and are firmly fixed to this by teeth, 
which fit into depressions in its surface. Above 
this first row are several layers of polygonal cells, 
which all, have nuclei^ and a protoplasmic cell-sub- 
stance, and are united to one another by numerous 
thin bands, which, when the cells are forcibly sepa- 
rated, appear as fine spines on their surface. From 
these spines the layer gets its name of stratum spi- 
nosum. It extends to a level somewhat above the> 
tops of the papillae. In negros and the coloured r 
parts of the skins of whites th^ pigment. i$ contained? 
in the cells of this layer. ' . - > 

2. The sfratumippaiiiilosiim.— -This co&sists 
of only two or three layers of cells, whidhare flat-' 
tened parallel to the surfaGe,^a^d in vertical sections 
appear of a spindle shape. They are distinguished 
by containing coarse granules, which stain deeply in 
carmine and logwood. They are connected by 
spines, which are, however, much shorter than those 
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joining the cells in the stratum spinosum, so that 
the interspaces between the cells are narrower. The 
nuclei are small. 

3. The stratum Incidam consists also of only 
a few layers of cells, which are flattened and homy, 
but which still retain vestiges of their nuclei. The 
cells are closely placed together, and on sections the 
outlines of the individual cells are often very indis- 
tinct, so that the entire layer has a homogeneous 
appearance. It stains a bright yellow in picro- 
carmine. 

4* The stratam comenin, or horny layer, 
consists of thin, flat, homy scales, which have no 
nuclei, and have completely lost their cellular cha- 
racters. They are more loosely attached to one 
another than are the cells of the deeper layers, and 
at the surface they are continually undergoing de- 
squamation. According to Unna, the cells of this 
layer possess shrivelled nuclei, are still connected 
by spines, and the comification is confined to the 
surface of the cells. 

The thickness of the epidermis varies greatly on 
different parts of the surface of the body, and this is 
particularly trae of the horny layer, which in some 
of the finer parts of the skin is only a very thin 
pellicle, but in others may attain a very great thick- 
ness. 

The epidermis is much thicker between the pa- 
pillae than over their summits. This difference is 
due altogether to the stratum spinosum, which fills 
up the depressions between the papillae. The other 
strata have in a given part of the skin almost a con- 
stant thickness. 

The epithelium grows from below. The cells of 
the stratum spinosum multiply by division, evidence 
of which is found in the peculiar nuclear figures 
characteristic of dividing cells. The older cells are 
pushed upwards towards the surface, and when they 
reach the stratum granulosum there is formed in their 
interior a substance which occurs in the shape of 
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coarse granules, which has been named eleidine 
by Ranvier, and which has been since carefully 
studied by Waldeyer, who calls it keratohyaline. 
This substance stains deeply in carmine and log- 
wood, and it is to.it that the opacity and consequent 
whiteness of the skin is due. Where it is wanting, 
as on the red border of the lips, on the nail-bed, on 
the mucous, membranes, the surface is red, owing to 
the colour of the blood appearing through the trans- 
parent epidermis, or epithelium (Unna). It is be- 
lieved by Ranvier and Waldeyer that the eleidine 
undergoes transformation, either of itself or after 
combination with the protoplasm of the cells, into 
keratin, which in the two upper layers of the epi- 
dermis almost completely replaces the original pro- 
toplasm of the cells. Unna, however, points out 
that while the eleidine is formed in the interior of 
the cells, the cornification affects their surface only, 
and in certain places cornification is not preceded 
by the formation of eleidine in the cells. Hence 
the connexion between this substance and keratin 
must be less close than is generally supposed. 

The surface of the bodies of most animals is pro- 
vided with peculiar appendages, which consist of 
modified epidermis. Such are, in the lower animals, 
scales, spines, feathers, hoofs, horns, &c. In man 
we meet with two such appendages, namely, the 
hairs and the nails. 

Tlie nails are flattened organs, free at their 
distal end, and inserted into a fold of skin at their 
proximal end. The fold is called the nail-fold or 
nail-groove. The lateral edges of the nail are over- 
hung by folds of skin, called the nail-wall. The 
nail, except at its free end, rests on the nail-bed, 
which is formed by the dorsal surface of the phalanx, 
covered by the rete mucosum. The posterior part 
of the nail-bed is called the matrix. The portion of 
nail which corresponds to the matrix is called the 
root. The remainder is called the body. The root 
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is thinner than the body, Which is of the same thick- 
ness in its whole length. The nail consists of a 
number of layers of flattened homy cells, placed one 
over the other. These cells can be isolated by re- 
agents, and are then seen to possess vestiges of 
nuclei. 

The bed of the nail is formed of a dense corinm,: 
closely attached to the dorsal surface of the bony 
phalanx* The corium is covered by several layers of 
epidermic cells, corresponding in every particular 
with the stratum spinosum of other parts ; and on 
this the horny nail rests* directly, without the inter- 
vention of a stratum granulosum. Posteriorly the 
nail-bed passes into the matrix. This, which is the 
part from which the nail grows, is lenticular in shape.^ 
Its posterior boundary corresponds: to the .posterior 
edge of the nail, while anteriorly it is limited, by a 
curved line, which separates the transparent distal 
part of the nail from the posterior opaque white por- 
tion, which is called the lunula. The matrix pos- 
sesses a stratum spinosum ; but interposed between 
this and the horny substance are several layers of 
cells, which have a granular appearance, and it is to 
these that the opacity, and consequent white colour, 
of the lunula are due. The nature of the granules 
is variously explained. Ranvier finds that they are 
due to a substance existing in the. interior of the 
cells, which differs from eleidine in; staining brown, 
not red, in picrocarmine, and which he calls, from its 
supposed function, onychogenous substance. Wal- 
deyer, on the other hand, believes the granules to be 
formed of eleidine, while Unna thinks that the gra- 
nular appearance is not due to anything in the inte- 
rior of the cells, but to very thick spines, which cover 
their surface. 

At the posterior part of the matrix the corium 
possesses long papillae. More anteriorly these give 
place to ridges, which diverge from behind forwards, 
and which, when they reach the anterior edge of the 
lunula, turn forwards, and run parallel to one another 
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as far as the dista,! end of the nail-bed, where they 
meet the ordinary papillae of the skin of the finger. 
Corresponding to the ridges of the nail-bed are ridges 
on the under surface of the nail, which fit in between 
the former. The vascularity of, the matrix and bed 
of the nail is very great, numerous capillary loops 
passing into the. papillae and ridges of the corium. 
Besides the usual communication by means of capiK 
laries between the veins and arteries, these vessels 
communicate directly with one another (Hoyer). 

The nail grows exclusively from the matrix, and is 
pushed forwards over the cells of the bed, but receives 
no increase in thickness from this part (Unna). The 
nail is originally formed underneath the horny layer 
of the epidermis, and part of this horny covering, or 
epoi^ychium, persists throughout life, and projects 
over the posterior part of the nail for a certain dis- 
tance. 

. » ^ i ■ . ,. ' 

" ■ "> • ■ ) ; : 

The hairs are cylindrical or, very elorigated co^ 
nical bodies.' Each hair consists of a; fr^e portion 
or shaft, and of a root, which is implanted into ^ 
depression in the skin. 

A hair has a cellular structure. It is covered ex;. 
ternally by thin, flat, non-nucleated, horny scales^ 
which are of an oblong shape, with their greatest 
length placed transversely to the axis of the hair, 
and which are imbripated, each scale slightly overlap-, 
ping that which lie|5 abpve it. These scales constitute 
the cuticle of the hair^ ■ Inside the cuticle are; 
more or less spindle-shaped , cells, which , possess 
rod-like nuclei, and which constitute the shaft of 
the hair. In coloured hairs these are pigmented, 
and there is also pigment contained in the cement 
substance which holds them together. In the axis of 
the hair there are found roundish or polygonal cells, 
often separated by spaces containing air. These con- 
stitute the third element, the pith or medullay of 
the hair. They are not present in all hairs. 

Before describing the root of the hair, it will b^ 



250 MANUAL OF fflSTOLOGY. 

necessary to give some account of the depression 
into which it is implanted. This is called the balr- 
follicle, and is a tubular depression of the corium 
and of the stratum spinosum of the epidermis. It 
is generally placed obliquely to the surface. The 
follicles vary extremely in depth. Those of fine hairs 
are situated altogether in the true skin, while those 
from which grow the coarse hairs of the head, beard, 
&c., extend far down into the subcutaneous areolar 
tissue. Each hair-follicle opens on the surface by 
an expanded orifice, called the moath. Deeper, a 
little below the level of the general surface of the 
true skin, it is narrowed. This narrowing is the 
neck. Beyond this it again becomes wider, and 
forms the flindiis. Into the bottom of the follicle 
projects a conical papilla, with a somewhat con- 
stricted base, and which is in every way analogous 
to the ordinary papillae of the surface. 

The follicle is bounded externally by a layer of 
connective tissue, whose bundles run parallel to the 
long axis of the follicle. Internal to this is a thicker 
layer of connective tissue arranged transversely, and 
with which is mixed a certain quantity of smooth 
muscular fibres. Internal to this is a homogeneous 
vitreous layer or basement membrane, most distinct 
at the deeper part of the follicle. 

All the layers of epidermis extend into the mouth 
of the hair-follicle, but from the neck downwards the 
arrangement becomes different. In the middle part 
of the follicle we find the stratum spinosum, which 
has been continued from the general epidermis, but 
which here receives the name of the external root 
slieath. It resembles in many respects the stratum 
spinosum of the surface. It rests on the basement 
membrane by a layer of short columnar cells ; more 
internally the cells become polygonal, and are united 
by processes or spines ; while the most internal layers 
are somewhat flattened. But it differs fundamentally 
from the general stratum spinosum in this — its cells 
never develop into a stratum granulosum or become 
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homy. In the lower part of the follicle the external 
root sheath becomes greatly diminished in thickness, 
and, reduced to its deepest layer of columnar cells, 
it terminates close to the base of the papilla. 

Internal to the external root sheath, between it and 
the hair, we find the internal root sheatli. This 
consists of only three layers of epidermic cells. The 
most external is called Henle's layer, and is formed 
of oblong flat cells, usually without nuclei. The 
second layer is called Huxley's layer. Its cells 
are somewhat thicker than those of Henle's layer, 
and are commonly nucleated. Most internally is a 
layer of very thin, flat, non-nucleated scales, forming 
the eutlcle of the hair-follicle, and which are 
in apposition with the outer surface of the hair. The 
internal root sheath terminates above at the neck of 
the follicle, and is not continuous with any of the 
epidermic layers which cover the surface of the skin. 
The following Table gives all the structures met with 
in passing from the periphery to the axis of a hair- 
follicle : — 



1. Longitudinal layer of fibrous tissue, \ 

2. Transverse layer of fibrous tissue, , f Connective 

3. Vitreous layer, or basement mem- ( tissue, . 

4. External root sheath, .* .* .*\ ^'Follicle. 

/ Henle's layer, . I 

5. Internal root J Huxley's layer, . > Epidermis, 

sheath, . j Cuticle of hair-fol- \ 
\ licle, . . ./ 

6. Cuticle of hair, . . \ 

7. Cells of shaft of hair, . > Hair. 

8. Medulla, or pith of hair, . ) 

In the upper part of the follicle the hair has 
the same structure as in its free portion, but at the 
deeper part it expands into a mass of polygonal- 
shaped cells, which fill the lower part of the fol- 
licle, and into the interior of which the papilla 
projects. This is called the hair-bulb. The cells 
which rest immediately on the papillae are, with the 
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exception of those at its apex, all columnar in shape/ 
From the cells about the base of the papilla are de- 
veloped, lowest down, the internal root sheath ; from 
those higher up, the cuticles of the follicle and of the 
hair. From the cells at the side of the body of the 
papilla is developed the shaft of the hair, while from 
those at the apex the medulla of the hair arises. The 
cells of the internal root sheath contain eleidine in 
large quantity. This disappears as the cells rise up 
in the follicle, but is retained to a much higher point 
by the cells of Huxle/s layer than by those of Henlefs.; 
The medulla of the hair also contains at first much- 
eleidine, while this substance is altogether wanting 
in the cells of the cuticles and in those of the shaft 
of the hair. Between these latter cells there is a 
large quantity of pigment, varying in amount and 
colour, accprding to the colour of the hair. At a 
short distancefrom the papilla the cells of the diflfer-, 
ent layers begin to assume the shape proper to^ 
eacn. >.•-•>■• , ^ » • 

The hair is thus an epidermic structure, developed^ 
external to the basement membrane ; and the in- 
ternal root sheath has- no* analogue in the epidermis^ 
of the general: snrface, but, like the hair itself, grows: 
from the mass df cells which form ^the bulb and lie: 
on the outside of the hair-papilla. / . . 

So long as the hair continues to grow, it maintains 
its connexion with thie papilla, and is in this condi- 
tion called a papillary balr, or a balr wriiMk a 
hollow bulb. The duration of the life of a hair 
is, however, limited, and sooner or later the cells 
over the papilla cease to grow, and those already 
formed become horny. The hair is thus separated 
from the papilla, and is gradually pushed upwards in 
the follicle, the lower portion of which, including 
the papilla, undergoes atrophy. For a time the hair 
ren^ains with its deep end entangled in the , cells of. 
the external root sheath of the upper part of the 
follicle. It now has ceased to grow, it has no in-^ 
temal root sheath, and its end is solid an4 Qlul^r 
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^8haped, br split into fibres, which dovetail with the 
ceils of the external root sheath. ' It is now called a 
balr with a solid bulb, or a bed-balr, or an 

intercalated balr. It soon falls out ; but, before 
it does so, a new hair, developed either from the old 
papilla, or from the papilla of a new follicle, itself an 
outgrowth from the old onej makes its way into the 
latter, and we find projecting frorti the same' orifice 
on the surface two hairs, one seated on a papilla, the 
other embedded among the cells of the external root 
sheath. Some observers believe that the bed-hair, 
after it has taken root among the cells of the external 
root sheath, still continues to grow for a time. 

From the neck of the hair-follicle there comes off 
the sebaceous gland. This consists of a short 
duct, which divides into a certain number of dilated 
pouches or acini. The wall of these is formed by a 
continuation of the vitreous layer of the hair-follicle, 
and the epithelium is continuous with that of the 
external root sheath. The acini are filled with cells. 
TThdse near the basement membtahe are nucleated 
and protoplasmic, while' those in the central parts of 
the acini have broken down into a mass of fatty 
granules. All stages in the fatty degeneration of the 
cells can be seen. The secretion of the glands con- 
sists mainly of the fatty detritus of the epithelial 
cells, which do not form the fat in the way in which 
it is formed in the mammary gland, but themselves 
break down into the material of the secretion. 

Usually the sebaceous glands open into the neck 
of the hair- follicles ; but in some places, where the 
hairs are small or absent and the sebaceous glands 
large, these latter may open on the- surface. It has 
been already mentioned that sebaceous glands occur 
in certain parts where there are no hairs. This is 
the case at the different mucous orifices of the body, 
as the red border of the lips, the labia minora, and 
the inner surface of the labia majora in women, the 
prepuce and glans penis (Tysonian glands), and the 
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edges of the eye-lids, where the Meibomian follicles 
must be considered as modified sebaceous glands. 

Attached to the exterior of the hair-follicle, on that 
side at which it forms with the deep surface of the 
skin an obtuse angle, are one or more bundles of 
smooth muscular fibres, which pass towards the sur- 
face, and are inserted into the connective tissue of 
the true skin. In this course they pass below the 
acini of the sebaceous glands, and serve to press out 
their secretion, as well as to pull on the hair-follicle, 
and so diminish the obliquity of the hair. From this 
latter function these little muscles are called the 
arrectores pill. 

Besides these muscles, there exists in many parts 
of the skin a considerable quantity of smooth mus-» 
cular tissue, forming networks parallel to the surface. 
This tissue has been already mentioned as occurring 
in the skin of the nipple and areola of the breast. It 
is found also in the scrotum and penis and other 
parts. 

There is a very close connexion between the mus* 
cular and elastic tissues in the skin, by means of 
which the contraction of the muscular fibres is more 
widely and equally effective than if such a connexion 
did not exist (Unna). 

The sudoriparous or mweat glands exist in 
most parts of the skin, and are especially numerous 
in the palms of the hands, soles of the feet, and 
axillae. Each gland is composed of a single tube, 
which opens on the surface by one extremity, runs a 
pretty straight course through the skin, and in the 
subcutaneous tissue, or. deeper parts of the true skin, 
is twisted into a coil, and terminates by a closed 
end. 

In the straight portion the tube is composed of a 
basement membrane and an epithelium, consisting 
of two or three layers of cubical, or somewhat flat- 
tened cells. The cells which bound the lumen of 
the tube have a shining border, or cuticulum, on their 
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free edge. The tube retains this structure for some 
distance after it has begun to twist into the coil, but 
then undergoes a marked change. It becomes 
much wider, and, while still retaining its basement 
membrane, its epithelium becomes reduced to a 
single layer of cells. These are pyramidal, clear, 
with round nuclei, and present at their outer ends a 
radial striation, something like what is observed in 
the cells of the renal tubules. Between the base- 
ment membrane and the epithelium is a layer of 
smooth muscular fibres, placed obliquely to the long 
axis of the tube. These muscular fibres are de- 
veloped from the upper germinal layer of the em- 
bryo, and they are the only example of muscle having 
this origin, and lying superficial to the basement 
membrane (Ranvier). The dilated portion of the 
tube of the sweat gland is considered to be the 
secreting part ; the narrower portion is the duct. 
This latter reaches the surface of the corium always 
between two papillae. Here it loses its basement 
membrane and proper epithelium, and, pursuing 
through the epidermis a spiral course, is bounded 
only by the cells of the different strata through 
which it passes. These strata all dip down slightly 
around the tube as it passes through the epidermis. 
The ceraminoas glands of the external audi-* 
tory meatus resemble the sudoriparous glands* 

The blood-Tessels of the skin are not uniformly 
distributed, but each of the many structures which 
exist in this part has its own special vascular 
system. 

There is an abundant distribution of blood-vessels 
to the superficial part of the true skin, and capillary 
loops pass into the papillae. The coils of the sweat 
glands are surrounded by a close capillary network, 
and along the ducts vessels run which establish a 
communication between the superficial plexus and 
that of the gland. The hair-follicle has also a special 
network of capillaries, and a small artery enters and 
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forms a loop of capillaries in the papilla of the hair. 
Connected with the vessels of the hair-follicle are 
networks surrounding the sebaceous glands, and 
supplying the arrectores pili muscles. 

* The fat in the skin is, like adipose tissue in other 
parts', provided with a close capillary plexus sur- 
rounding the cells. 

• The direct communication between the arteries 
and veins at the extremities of the fingers has been 
already mentioned. A similar communication occurs 
in animals in the ears, tail, snout, and, in fact, in all 
projecting parts of the body (Hoyer). 

The lympliatics of the skin are very numerous. 
They form horizontal plexuses, from the superficial 
of which offsets pass into the papillae. The lym- 
phatics originate between the connective-tissue 
bundles as splits or fissures, which are the juice 
canals of the part. These communicate, on the one 
hand, with the true lymphatic vessels, which have 
proper walls and valves ; and, on the other, with the 
interspaces between the epidermic cells of the 
stratum spinosum and of the external root sheath, 
Ivhich interspaces must thus be looked on as part of 
the lymph-canalicular system of the skin (Key and 
Retzius. Klein. Unna). The sweat glands are sur- 
rounded by lymphatic sinuses or splits, and similar 
fissures are also found between the bundles of the 
arrectores pili muscles, and in the adipose tissue 
surrounding each fat cell (Klein). 
' The nerTes of the skin ^re very numerous, and 
terminate in different ways. 

A certain number of fibres, having lost their 
medullary sheath, penetrate the basement mem- 
brane, and ramify as naked axis cylinders in the 
stratum spinosum of the epidermis, where they ter- 
minate by free ends below the level of the stratum 
granulosum. The nerves are generally believed to 
lie altogether between the epidermic cells; but it 
has been recently affirmed that the terminal fibres 
penetrate the cells, and end by minute swellings just 
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exterior to the nucleus (Pfitzner. Unna). This state- 
ment is much in need of confirmation. Peculiar 
branching bodies are present among the epidermic 
cells, and were, when they were first discovered, 
supposed to be connected with the nerve fibres as 
terminal organs. This is now known not to be the 
case ; but the real nature of the bodies in question 
is still unsettled. Ranvier holds them to be wander- 
ing cells. Klein looks on them as connective-tissue 
corpuscles, which here, as in other epithelial struc- 
tures, lie among the epidermic cells. 

Hairs are abundantly supplied with nerves, which 
are all distributed about the neck of the follicle. 
Here a number of naked axis cylinders come off 
from medullated nerve fibres, and penetrating the 
vitreous membrane, terminate internal to this, ap- 
parently by free ends. There are no nerves in the 
papilla, or the lower parts of the follicle. 

Mcmy of the lower animals have hairs, which serve 
as tactile organs, such as the whiskers of cats, rats, 
&c. These tactile hairs are surrounded by a sheath 
of erectile tissue, which is contained between the 
layers of the follicle, and they have a great number 
of nerves distributed to them. The fibres terminate 
within the vitreous membrane and at the upper part 
of the follicle. The exact mode of their termination 
is not certainly known; but it would appear, that 
while some end in menisci, which are in connexion 
with tactile cells, others terminate by free ends 
(Ranvier). 

Besides the termination by free ends, the nerves 
of the skin terminate in peculiar structures, which 
are termed end organs. Of these, the tact corpuscles 
of Meissner and the Pacinian bodies are best known. 

The tact corpuscles of Meissner are oval 
bodies, which lie in the papillae of the skin, and 
are particularly well developed and numerous in 
those parts wnere the tactile sensibility is most 
acute, as the palmar surfaces of the fingers and 
toes, the lips, &c. Each corpuscle is so placed that 

s 
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its long axis is parallel to that of the papilla in 
which it lies, and which it nearly fills. The corpuscle 
sometimes is single, sometimes consists of two or 
more lobes placed one over the other. It is enclosed 
in a connective-tissue capsule, and possesses some 
nuclei of its own, which all lie near the periphery. 
To each lobe at least one medullated nerve fibre 
goes, and, according to Ranvier's most recent obser- 
vations the nerve ends by giving off twigs, which break 
up into little bunches of terminal fibres, which are 
placed at right angles to the long axis of the cor- 
puscle. The development of the tact corpuscles 
shows that they are composed of a number of pe- 
culiar cells of connective-tissue origin, between 
which the terminal nerve fibres are placed. 

In some parts of the epidermis there are found 
large, clear, oval cells, which were supposed at first 
to form the terminal organs of nerve fibres (Merkel). 
Ranvier has, however, shown that the nerve fibres 
do not terminate in these cells, but in a thin concavo- 
convex body, or meniseiiSf in the concavity of 
which the large oval cell is placed. This latter is 
analogous to one of the cells of a corpuscle of 
Meissner. In other organs, in the lower animals, a 
similar connexion is found between a true nerve 
termination and peculiar cells which are connected 
with it in the same end organ, but with which the 
nerve fibre has no direct continuity. 

The tactile menisci are more numerous and better 
developed in the lower animals than in man. They 
are best seen in the external root-sheath of the tact 
hairs, and in the epidermis of the snout of the pig. 

Paciniaa corpuscles occur in the subcu- 
taneous tissue of many parts, particularly along the 
nerve trunks in the fingers and toes. They are found 
also about joints, along interosseous membranes, 
and connected with the ramifications of the abdomi- 
nal S3mipathetic nerve. In the cat they exist in 
enormous numbers in the mesentery of the small 
and large intestine and in the pancreas. 
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A Pacinian corpuscle is an oval body, and consists 
mainly of a number of capsules, or lamellae, lying 
one inside the other. Each lamella is formed of con- 
nective tissue and fine elastic fibres, which run, some 
parallel to the long axis of, others at right angles to 
the corpuscle. The fibres are separated by serous 
fluid. Each lamella is clothed on both surfaces by 
endothelial cells, whose nuclei are easy to see, and 
it is the lines of endothelial cells which serve best 
to mark out the limits of the lamellae. Since neigh- 
bouring lamellae lie in contact, the two layers of 
endothelium which are in apposition form apparently 
a single line. The clear intervals between these lines 
are the lamellae themselves, whose thickness is mainly 
due to the serosity which is contained between the 
fibres of which they are composed. The outer and 
inner capsules are thinner than those between. It will 
be seen that the structure of the capsules resembles 
closely that of the lamellae of which the perineurium 
of the nerves is composed ; and, in fact, the capsules 
are derived mainly from the lamellae of the peri- 
neurium of a nerve fibre, which enters each corpuscle 
at one of its small ends. The lamellae of the peri- 
neurium become thickened, and pass away from the 
fibre one by one, to form the capsules of the cor- 
puscle. So long as the capsules are being thus 
formed, the nerve fibre retains its white substance, 
but loses it when the last lamella is given off, and 
then runs as a non-medullated fibre in the axis of 
the corpuscle, enclosed in a mass of substance 
whose real nature is still uncertain, and which is 
clothed by the capsules. Arrived at the distal end 
of this core, the nerve fibres terminate by a swollen 
end, or break up into a number of branches, each 
of which so terminates. Sometimes a nerve fibre 
passes right through one Pacinian corpuscle, to ter- 
minate further on in another. In such a case the 
fibre loses its white substance, while it is passing 
through the core of the first corpuscle, but regains 
it again on leaving the latter. 

s 2 
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. The Pacinian corpuscles are supplied by blood- 
vessels, which ramify in the capsules. 

There are many other organs in which the sensi- 
tive nerves terminate in the skin and other parts, 
but there is still much uncertainty as to their true 
structure. The genital corpuscles have been already 
alluded to, and Krause's corpuscle will be described 
with the conjunctiva. Transitional forms between 
Pacini's and Krause*s corpuscles have been recently 
described by Golgi as occurring at the junctions of 
muscles with their tendons. 

Portions of skin may be hardened by any of the usual 
methods : alcohol ; chromic acid and alcohol for ten days, then 
alcohol alone ; M tiller's fluid a month, and then alcohol. But the 
best method of preparing the skin of the finger is to include in a 
ligature the whole root of the finger, with the exception of one 
of the collateral arteries, and then to force into this a one per 
cent, solution of osmic acid. The artery being tied, the finger 
is left for an hour, when it will have assumed a dark colour. 
Portions of the skin and subcutaneous tissue may then be re- 
moved, and placed in alcohol (Ranvier). The skin is a difficult 
object to cut by hand, as its numerous constituents differ very 
much in consistence. This difficulty may be overcome by 
soaking the piece to be cut for some hours in strong gum, and 
then placing it for twenty-four hours in alcohol. The alcohol 
hardens the gum, and gives the entire piece an even consistence. 
Before staining, the sections must be placed for some time in 
water, to remove the gum. Good sections can also be readily 
cut by the freezing microtome. 

I. Vertical sections through the skin of the palmar surface of 
the finger prepared in one of the above ways ; stained in log- 
wood or picrocarmine ; mounted in glycerine or balsam. 

The different layers of the epidermis will be seen. The 
stratum comeum usually presents a very remarkable appearance, 
being in picrocarmine preparations variegated red and orange, 
and in logwood blue and yellow. The stratum lucidum in 
picrocarmine is bright yellow ; the stratum granulosum red. In 
logwood these layers are unstained and blue respectively. In 
the stratum spinosum the polygonal shape of the cells and the 
fine serration around their edges will be seen in good sections. 

The papillae are large and regularly placed. In each ridge on 
the sldn tnere are two rows of papillae ; so that if the section be 
across the ridge the papillae will be seen in pairs, and between 
the pairs all the layers of the epidermis dip slightly downwards. 
But it is the stratam spinosum which fills up the valleys be- 
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tween the papillae. In some of the papillae blood-vessels will be 
seen, particularly in the osmic acid preparations, where they 
remain distended; in others, Meissner's tact corpuscles. On 
these are transverse markings, due to the windings of the nerve 
fibres and to the transversely-placed nuclei. In osmic acid 
preparations the black-stained nerve fibres can be traced to the 
corpuscles. 

Many small nerve trunks will be met with, and their thick 
perineurium will be well seen in cross sections. 

In the deeper parts, sections of the lamellated Pacinian cor- 
puscles may be found. They are readily recognised by their 
concentric lamellae, on which can be seen the oval nuclei of the 
endothelium. The coils of the sweat glands are very numerous. 
In each coil the tube will be several times divided by the section, 
and will appear, sometimes in length, sometimes in transverse 
section. The two portions of the tube forming the coil will be 
seen, and the details of the structure of each should be noted. The 
duct, as it runs a somewhat tortuous course, will generally not be 
seen in its whole length. It reaches the surface of the true skin 
at the bottom of the valley between two papillae, and winds in a 
spiral course through the epidermis. This spiral passage is best 
seen in the skin of the heel, where the homy layer of the epi- 
dermis is very thick. 

The fat, bundles of connective tissue, and numerous arteries 
and veins, do not differ from those met with in other parts. 

2. Section through the skin of the finger, whose vessels have 
been injected with Prussian blue. Picrocarmine or cochineal, 
balsam. 

The network of vessels under the skin, the loops in the 
papillae, the plexus about the sweat glands, and in the fatty 
tissue will be seen. Elsewhere the vascularity is not very great. 
Each duct of a sweat gland is accompanied b^ two or more 
vessels, which communicate between the superficial plexus and 
that about the gland. In sections of a Pacinian corpuscle 
it will be seen that the vessels run in the outer capsules. 

3. Vertical section through the skin of the scalp, made parallel 
to the direction of the hairs. Logwood or picrocarmine ; balsam. 

The epidermis is very thin as compared with that of the finger, 
particularly the homy layer. The papillae are stunted and 
broad. The hairs are set obliquely to tne surface, and most of 
them will be cut obliquely, and only fragments of them will be 
found, but some of them will be cut in their entire length. The 
foUicle will be seen to open on the surface by a tmmpet-shaped 
mouth, into which all the layers of the epidermis extend. From 
the narrowed neck the sebaceous gland will be seen to come off. 
Below this the hair is bordered by a shining, colourless line, 
which is the internal root sheath, whose different layers are 
most distinct in the deeper parts of the follicle. Between this 
and the wall of the follicle will be seen the much broader ex- 
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temal root sheath, which resembles the stratum spinosum of the 
epidermis. 

At the bottom of the follicle the hair will be seen to expand 
into the bulb, a mass of cells into which the conical papilla pro- 
jects. In some follicles, hairs with solid bulbs may be seen im- 
planted in the external root sheath. Below the hair the atro- 
phied follicle extends. Surrounding the lower parts of the hair 
follicles is a quantity of adipose tissue, and extending obliquely 
from the side of the follicle to the surface will be seen the ar- 
rector pili muscle. 

Sweat glands are numerous in the scalp. They resemble in 
structure those in the hand, but are smaller and more superficially 
placed. 

4. Transverse sections through hairs and their follicles. Log- 
wood, picrocarmine, or cochineal ; balsam. 

These sections must not be made parallel to the surface of the 
skin, since the hairs are implanted obliqueljr. The direction of 
the hairs must be determined, and the section made accurately 
at right angles to this. The different layers of the wall of the 
follicles and the root-sheaths can be well seen in these sections. 
Huxley's and Henle's layers can be readily distinguished. The 
appearances will differ according to the depth at which the hair 
follicle is cut. They will be readily understood by referring to 
the description of these parts. 

It will be noticed that the hairs are not uniformly distributed, 
but that they occur in groups, with wider spaces between. The 
other tissues of the skin will be readily recognised. 

Very beautiful preparations of the skin may be made by first 
staining the section in picrocarmine, then in a watery solution 
of aniline violet until the section is almost black. The section 
is then placed in a watch-glass with strong alcohol, and moved 
about with a needle until almost all the blue colour is removed; 
then passed rapidly through oil of cloves, and mounted in balsam. 
The process is a little difficult, but, when successful, gives ad- 
mirable results. The connective tissue is red, the internal root 
sheath bright blue, the other epithelial structures orange, and 
the homy tissues yellow. Most of the nuclei are violet. 

5. A hair examined in a drop of water shows, on careful 
focussing, fine lines running across it, which are the outlines of 
the cells of the cuticle. At the edge a fine serration may be 
seen, due to the imbrication of these cells. 

If the hair be placed on a slide, in a drop of strong sulphnric 
acid, and slightly warmed, by tapping on the cover-glass the 
cells can be isolated. The non-nucleated flat cuticle cells and 
the spindle-shaped cells of the shaft still retaining vestiges of 
nuclei will be seen. 

If a hair be pidled out, it will almost always bring the internal 
root sheath with it. The cells of this may be isolated by sul- 
phuric acid or a strong solution of potash, and their shape and 
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arrangement studied. In torn-out hairs the proximal ends differ 
in appearance, according as the hair was a papillary or a bed- 
hair. In the former case the bell-shaped hollow which received 
the papilla can be seen, while in the bed-hairs the end is club- 
shaped, and generally surrounded by a mass of the ceUs of the 
external root sheath, which is torn out with it. 

6. In long and transverse sections through the nail and its 
bed, the appearances will be readily understood from the descrip- 
tion of the nail already given. 

The nail-cells may be isolated by placing fragments of a nail 
in thirty-three per cent, caustic potash for an hour, keeping the 
vessel in which the solution is contained carefully covered. It 
is easy then to isolate with needles the cells, which are now 
swollen, and show in their interior atrophied nuclei. 

7. Pacinian corpuscles are best got from the mesentery of the 
cat. They appear among the fat as oval transparent bodies, 
readily visible to the naked eye. In the meso-rectum there is 
not so much fat about them as in the mesentery. They may be 
dissected out and examined without the addition of any reagent, 
or in salt solution. In this way their structure is most beauti- 
fully seen. 

They may be hardened in one per cent, osmic acid and alcohol, 
and imbedded, when long and transverse sections can be made, 
and mounted in glycerine. 

A fresh Pacinian corpuscle placed for a few minutes in nitrate 
of silver, one -half per cent., washed and mounted in glycerine, 
shows, after exposure to the light, the outlines of the endothelial 
cells which line the capsules, and which are now marked out by 
fine dark lines. 

The nerve terminations in the epidermis can be made out only 
by staining in chloride of gold. The process is too difficult to 
be attempted by beginners. 
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CHAPTER XVII. 



THE EYE. 



I. The Eyelids. — The skin of the eyelids is deli- 
cate, and the subcutaneous tissue loose and almost 
free from fat. Beneath the subcutaneous tissue is 
the orbicularis palpebrae muscle, whose trans- 
versely-striated fibres run parallel to the surface. Next 
to this is found the so-called tarsal cartilage,. 
which is not cartilage of any form, but a firm con- 
nective-tissue plate. Closely attached to this is the 
conJuncti¥a, a firm connective-tissue membrane^ 
covered by an epithelium consisting of three or more 
layers of cells, the superficial of which are short 
columnar bodies. 

At the free edge of the lids we find the large hairs 
forming the cilia or eyelashes. These are cast oflT 
and renewed with great frequency, so that the old 
cilia are very often seen in the stage of bed-hairs, 
while all the steps in the development of young 
hairs can be well studied in the eyelids. Each hair 
is, like similar structures in other parts, provided 
with sebaceous glands. Behind the cilia open the 
glands of Moll : these are similar in structure to 
sweat glands, but the glandular tube does not form a 
coil, and their ducts frequently open into those of 
the sebaceous glands of the cilia. Behind MolFs 
glands and near the posterior part of the edge of the 
lids are the openings of the Meibomiaii glands. 
Each of these glands consists of a long straight 
tube, from the sides of which open off a number of 
rounded or branched acini. They lie embedded in 
the tarsal plate, and resemble in most respects the 
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sebaceous glands. Their epithelium is a continua- 
tion of the stratum Malpighian or spinosum, and the 
inner cells of the acini break down by fatty degene- 
ration, as do those of the sebaceous glands. 

At the edge of the lid, lying mostly in front of, but 
partly behind, the openings of the Meibomian glands 
is the innermost portion of the orbicularis palpebrae^ 
or the musculiis ciliarls Riolani. 

II. The conJunc^tlTa is a thin connective-tissue 
membrane covered by a compound epithelium, whose 
superficial cells are of low columnar shape or ap- 
proaching flat scales. On the tarsal conjunctiva 
there are some papillae which increase in size towards 
the line of reflexion, but are absent on the bulb. 
The sub- conjunctival tissue is loose except on the 
tarsal cartilage. Where the conjunctiva is reflected 
from the eyelids to the globe of the eye there are 
small mucous glands, most numerous in the upper 
lid. There is also more or less adenoid tissue in the 
conjunctiva, which sometimes is collected into fol- 
licles. The blood-vessels are numerous, particularly 
the veins. 

The earuneula laehrymalis contains acinose 
glands, and some hairs grow from it. 

The nerves of the ocular conjunctiva terminate in 
the end bulbs of SLrause. In the lower animals, as 
the calf, each of these is a long oval body, surrounded 
by a laminated sheath somewhat resembling that of 
a Pacinian corpuscle, but consisting of only a few 
layers. Inside this is the core, which is finely granu- 
lar or longitudinally striated. The nerve fibre enters^ 
the core at one end, and, losing its medullary sheath, 
runs to the opposite end, where it terminates in a 
slight swelling. In men the end bulbs appear to 
have a more complicated structure. Inside the 
laminated sheath is what at first sight seems to be 
a number of cells, and which are very generally sup- 
posed to be such. The nerve fibre loses its medul- 
lary sheath, and penetrates the end bulb, but divides 
repeatedly, and runs a tortuous course within this- 
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body. According to some authors, the terminal 
branches of the nerves end in the supposed cells : 
according to others, between these; while Schwalbeis 
of opinion that the nerve fibre becomes surrounded 
by a sheath, like the core of the simple end bulbs, 
which core, like the fibres themselves, branches and 
pursues a tortuous course, and that the supposed 
cells are merely this sheath seen in cross section, 
and that what have been taken for the nuclei of the 
cells are the cross sections of the nerve fibre in the 
centre of its sheath. 

III. The laelurynial gland resembles in struc- 
ture a serous salivary gland. 

IV. Tlie Cornea. — The conjunctiva ceases at 
the margin of the cornea, its tissues becoming con- 
tinuous with those of the latter. 

Tlie epitbelium of the cornea is compound 
scaly. The deepest cells are very long, and have 
each an expanded foot by which it rests on the 
■anterior elastic lamina, and a rounded superficial end. 
Their sides are marked by ridges and depressions 
caused by the pressure of neighbouring cells. The 
cells of the next layer have an irregular shape, and 
are deeply excavated on their lower surface, so as to 
rest on the club-shaped ends of the deeper cells. 
Above this the cells grow progressively flatter, and 
in the superficial layers are thin scales. In the middle 
layers the cells are connected to one another by 
minute bridges, as in the case in the stratum spinosum 
of the epidermis. The proper tissue of the 
cornea is formed of a number of superposed lamellae, 
which can be easily separated from one another. 
The lajnellae are composed of extremely fine fibres, 
held together in bundles by a cementing substance 
similar to that which unites the fibres of ordinary 
connective tissue. A similar cement unites the 
bundles, and even the lamellae. The fibres in the 
same lamellae run for the most part parallel to one 
another ; but those of adjacent lamellae cross each 
other at right angles, so that on a section through 
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the cornea we meet with layers of fibres cut across 
alternating with those in which the fibres are cut in 
length, very much as was the case in the lamellae of 
compact bone. There are some bundles of fibres 
which pass from one lamella to another. These 
connecting bands are better developed in the cornea 
of man and mammals than in those of lower animals, 
so that the lamellar structure is less distinct in the 
former than in the latter (Schwalbe). Between the 
lamellae are the eomea eorpuscles or eells. 
These are flat, branched bodies, which anastomose 
by their processes, and thus form a cellular network. 
Each cell consists of a finely granular protoplasm 
surrounding a very flat but large nucleus, which is 
often lobed or of irregular figure, but whose general 
shape is oval. The cells present, on their surfaces, 
ridges separating depressions which are produced 
by the pressure of the adjacent fibrous bundles, as 
in the case in the cells of tendons and fasciae. 

The cornea corpuscles lie in cavities in the cement 
substance which unites the lamellae. These cavities 
are generally considered to be somewhat larger than 
the cells they contain, and to furnish the channels 
through which the lymph of the cornea circulates. 
They are, in fact, the juice canals or lymph -canali- 
cular system of the cornea. A different view as to 
the arrangement of the cornea cells is held by 
Schwalbe. According to him the branching and 
anastomosing figures which can be got by treating 
the cornea with silver or gold salts, are not, as is 
commonly supposed, cells, but spaces communicating 
with one another by canals, and forming a system 
quite analogous to the lacunae and canaliculi of bone. 
This system of canals is bounded by a membrane, 
formed of a homy material, and which is firmer and 
more resistent than the tissue which forms the cor- 
neal lamellae. The canals are filled by plasma or 
lymph, and constitute the lymph-canalicular system 
of the cornea. In the widened nodal points of the 
canals are situated the cells. Each of these is a thin, 
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flat plate which is protoplasmic about the nucleus^ 
but at the edges thins out to a delicate homy film. 
The cell lies, like an endothelium, close against one 
wall of the flattened space which contains it, and 
the margin of the cell becomes continuous with the 
horny wall of this space. In some animals each 
widened portion of the canalicular system contains 
but one cell : in others several cells may lie in each 
space. In this case the cells meet each other edge 
to edge like an endothelium — in fact, the widened 
portions of the lymph canalicular system, which are 
flat branched spaces, have on one side an endothe- 
lial lining, while on the other side this is wanting. 

Besides the branching connective-tissue cells, 
which are fixed in their position, the cornea con- 
tains a variable number of ^randerlng cells, whose 
shape alters as they squeeze themselves through the 
narrow passages between the bundles of fibres and 
lamellae. 

The anterior portion of the cornea subjacent to 
the epithelium differs somewhat from the remainder, 
and is generally described as a distinct layer, under 
the name of the anterior elastic lamina, or tlie 
membrane of Boiiirman. It cannot, however, 
be separated from the deeper part of the cornea, and 
it seems doubtful whether it differs from this except 
in not containing any cells. It is thicker and better 
developed in man than in most animals. Passing 
from its deep surface are bundles of fibres which 
traverse the subjacent lamellae obliquely. They are 
called fibrae arcuatae ; they seem to be a rudiment 
of fibres which in some animals (plagiostomatous 
fishes) pass perpendicularly through the corneal 
lamellae, and pin them together (Ranvier). 

On the posterior surface of the cornea is a layer 
which unquestionably differs both in structure and 
origin from the remainder. It is homogeneous, and 
when separated it curls up and breaks with a sharp 
fracture. It contains no cells, but can be decom- 
posed into a number of very thin lamellae. It is 
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called the posterior elastle lamina, or mem- 
brane of lleseemet. It is covered by a single 
layer of flat polygonal cells in every way resembling 
an endothelium, and which forms the anterior boun- 
dary of the anterior chamber of the eye. 

There are no blood-vessels in the cornea. 

There are also no true lympliatlc vessels. The 
lymph circulates through the juice canals, which at 
the margin of the cornea open into the conjunctival 
lymphatic vessels. Some of the juice canals appear, 
however, to communicate with the channels in which 
the nerves run, and which are lined by an endothe- 
lium. It is possible that by these paths some of the 
lymph may be carried off. 

The nerves are derived from the ciliary nerves, 
and enter in several bundles all round the edge of 
the cornea, having previously formed a plexus at the 
comeo-scleral junction. They branch freely after 
entering the cornea, and at some distance below the 
anterior surface they form a plexus with wide meshes : 
this is called the fundamental plexus. The nodal 
points of the nervous network are formed of a beau- 
tiful interlacement of fibrils. From this plexus 
branches come off, which run towards the surface 
of the cornea, and, since they pierce the anterior 
elastic lamella, are called perforating fibres. Having 
reached the anterior surface of the cornea proper, 
they give off" lashes of fine fibrils, which run imme- 
diately beneath the epithelium, converging towards 
the centre of the cornea, anastomosing together, and 
forming a very close and fine plexus, called the 
sub-epithelial plexus. From this, fine fibrils come 
off" and pass into the epithelium, where they ramify 
between the cells, and form a plexus called the intra- 
epithelial plexus. The final termination of the 
fibres is generally described to be by swollen knob- 
like ends beneath the surface of the epithelium ; but 
Klein has discovered a still finer network than any 
hitherto seen, among the superficial cells, and this 
he looks on as the true termination of the nerves. 
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In the proper cornea the nerves terminate also by a 
network of very minute fibrils. There is no continuity 
between the nerves and the cornea corpuscles. 

The nerves of the cornea, in consequence of the 
ease with which they can be shown by the gold 
method, have been for many years a favourite object 
of histological study, but it would be impossible here 
to describe all the details of their arrangement, for 
which we refer chiefly to the works of Klein and of 
Ranvier. 

V. The sclerotic is formed of bundles of white 
fibrous tissue densely felted together. The arrange- 
ment in lamellae is not very distinct, although most 
of the bundles run, in a general way, parallel to the 
surface. Posteriorly, corresponding to the fovea 
centralis of the retina, the tissue of the sclerotic is 
traversed perpendicularly or obliquely by a fibrous 
cord which interrupts the regularity of its tissue, and 
projects slightly at the posterior pole of the eye. 
This is supposed by Hannover to be a vestige of 
the closure of the eye-vesicle in foetal life, and is 
called by him the funiciiliis selerce ; but accord- 
ing to Schwalbe it is formed merely by bundles of 
connective tissue accompanying some of the pos- 
terior short ciliary arteries, and does not correspond 
to the fovea centralis, and has no developmental 
importance. Mixed with the white fibrous tissue of 
the sclerotic are elastic fibres, and connective tissue 
cells lie between the fibrous bundles. Close to the 
comeo-scleral junction is a canal encircling the 
margin of the cornea. This is called the canal of 
Scltlemiii. It is lined by endothelium and con- 
tains a venous plexus, which communicates with the 
anterior ciliary veins. These can be injected from 
the anterior chamber of the eye, the injection pass- 
ing through the spaces of Fontana and the canal of 
Schlemm, which, like the Pacchionian bodies of the 
membranes of the brain, establish a communication 
between the lymphatic and blood-vessels (Schwalbe). 
The inner boundary of the canal of Schlemm is 
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formed of a peculiar tissue composed of elastic 
plates and networks covered by endothelioid cells. 
It is closely connected posteriorly with the ciliary 
muscle, and belongs really not to the sclerotic- 
cornea, or outer fibrous coat of the eye, but to the 
choroid-iris, or inner vascular coat, from which also 
Descemet's membrane and its endothelium are de- 
rived. The sclerotic is abundantly supplied with 
blood-vessels and nerves. 

At the corneo-scleral junction the bundles of the 
sclerotic become continuous ^ith those of the cornea. 
The sclerotic overhangs the cornea, so that the latter 
is set in the former somewhat as a watch-glass is in 
its frame. 

VI. Cboroid and Iris. — The outer fibrous coat 
of the eye is formed by the sclerotic and cornea, and 
is analogous to the dura mater of the brain. The 
second or vascular tunic, which corresponds to the 
pia mater and arachnoid of the nerve centres, is 
formed by the choroid and iris. This coat is de- 
ficient in front where the pupillary opening exists. 
It is closely attached to the sclerotic at the entrance 
of the optic nerve posteriorly, and in front at the 
corneo-scleral junction, where the attachment is 
eflfected by the laminated tissue which has been 
described as forming the inner boundary of the 
canal of Schlemm. Elsewhere the connexion be- 
tween the sclerotic and choroid is very loose, and 
is effected by a tissue called the membrana 
supraeboroidea. This consists of membranes 
formed mainly of an elastic network covered by 
endothelial cells. Numerous flattened pigmented 
cells also lie on these membranes, and are some- 
times branched, sometimes arranged edge to edge, 
like an endothelium. There are five or six mem- 
branes of this kind superposed on one another, 
leaving between them large spaces, which can be 
easily injected, and belong to the lymphatic spaces 
of the eye. The blood-vessels and nerves passing 
to the deeper parts of the eye traverse the m. supra- 
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choroidea but this membrane has no vessels or nerves 
belonging to itself. When the choroid is torn away 
from the sclerotic, part of the pigmented tissue of the 
suprachoroidea remains attached to the inner sur- 
face of the sclerotic, and is called the lamina 
iiisea. 

Interior to the suprachoroidea is the proper 
tissue of tbe choroid, which consists mainly of 
blood-vessels held together and supported by elastic 
membranes with pigmented, mostly branched, cells, 
and covered by endothelium. These membranes are 
much more numerous and more closely placed than 
was the case in the suprachoroidea, so that the tissue 
is much firmer. The arrangement of the blood- 
vessels is peculiar, as the larger arteries and veins 
are contained in the outer part of the membrane, 
while the capillaries form a very dense plexus on the 
inner surface. The former layer is called the stratum 
¥asculosum; the latter the cliorio-capillaris. 
The blood reaches the choroid chiefly by the short 
or posterior ciliary arteries. The long ciliary arte- 
ries run between the sclerotic and choroid, to the 
anterior part of the latter, and help to supply the 
ciliary processes and ciliary muscle, and form a circle 
about the outer margin of the iris, which is called 
the cireulus iriilis major. At the anterior part 
of the eye the sclerotic is perforated by the anterior 
ciliary arteries, which take part with the long ciliary 
arteries in the supply of the ciliary region and the iris, 
and form around the inner margin of the latter a vas- 
cular circle, the cireulus iridis minor. The venous 
blood from the anterior part of the choroid leaves 
the eye in front by the anterior ciliary veins, which 
communicate with the venous plexus in the canal of 
Schlemm. All the blood from the iris, however, 
passes back, and enters the venous plexuses which 
form the bulk of the ciliary processes, and which also 
receive blood from the ciliary muscle and anterior 
part of the choroid. From the ciliary processes, veins 
run backwards, and collect the blood from the capil- 
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lary coat of the choroid into four or sometimes five 
large trunks called ¥asa Tortlcosa, which perforate 
the sclerotic obliquely about the equator of the 
globe of the eye. 

Between the stratum vasculosum and the chorio- 
capillaris is a thin layer which is free from pigment, 
and which contains the finest arteries and veins. There 
is here also an endothelial membrane. The veins of 
the choroid are surrounded by perivascular l)nnpha- 
tic spaces, whose outer wall is continuous with this 
membrane. In the chorio-capillaris are neither pig- 
ment cells nor elastic membranes, but the interspaces 
between the capillaries are filled by a homogeneous 
material of soft consistence, in which are some wan- 
dering cells, and which seems to be permeated by 
l)anph (Sattler). 

The capillary plexus of the chorio-capillaris is ex- 
ceedingly close over all that part of the choroid which 
corresponds to the functional portion of the retina, 
but at the ora serrata it becomes much less dense, 
and is continued forward to the ciliary processes as 
a network, with elongated meshes. In this part, 
which is known as the orbiculus ciliarls, the 
endothelial membrane external to the chorio-capil- 
laris is wanting, and the choroid contains much 
fibrous connective tissue. 

Most internally the choroid is bounded by a ho- 
mogeneous, structureless membrane, known as the 
vitreous layer of the choroid. 

The nerves of the choroid are numerous, and are 
derived from the short ciliary nerves. They form a 
plexus in the supra-choroidea, in which are numerous 
ganglionic cells. From this come oflf non-medullated 
fibres, which supply the walls of the blood-vessels. 

Tlie iris consists of two portions — an anterior 
layer, continuous with the choroid, and a posterior 
layer, which is really a continuation forwards of the 
retina, although in a greatly simplified form. Both 
layers extend to the margin of the pupil. 

The anterior or eonneettve-tlssae portion 

T 
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is composed of — ist, a layer of endothelial cells, con- 
tinuous with those which line the posterior surface 
of the cornea and the trabeculae of the ligamentum 
pectinatum iridis. 2nd, A layer of connective tissue, 
somewhat resembling the adenoid tissue of the lym- 
phatic glands, consisting of spindle-shaped and stel- 
late cells anastomosing and forming a reticulum, in 
whose meshes lymph corpuscles are found. In per- 
sons of dark complexion the cells contain pigment 
granules. 3rd, A layer of very loose connective tissue, 
in which are placed the chief blood-vessels and nerves 
of the iris and the niuscular tissue. This latter con- 
sists of a ring of smooth muscular fibres at the 
pupillary margin (sphincter pupillae), and a much 
less developed system of radiating fibres (dilator 
pupillae). 4th, A very thin vitreous membrane, which 
has a fine radial striation. The nuclei of the muscular 
fibres in front, and of the anterior layer of the retinal 
portion of the iris behind, adhere closely to this 
vitreous layer, which has been looked on by some 
authors as muscular, and as constituting a dilator of 
the pupil. Its true nature has, however, been shown 
by Gruenhagen and Schwalbe. 

The retlmal portiom of the iris consists of two 
layers, ist. An anterior, continuous with the pig- 
mented epithelium of the retina. It consists here 
of spindle-shaped, pigmented cells, closely adherent 
to the posterior surface of the vitreous layer, and 
radially placed, except near the pupillary margin, 
where they are circularly disposed. 2nd, A layer of 
polygonal-shaped cells, so deeply pigmented, that 
their nuclei and boundaries are difficult to see. 
Finally, a very thin cuticulum forms the posterior 
boundary of the iris. In blue irides the choroidal 
portion is free from pigment. In brown and black 
irides there is pigment in the cells of the second and 
third layers of the anterior portion. 

The Teasels of the iris have been already de- 
scribed. 

The nerves lie chiefly in the third layer, and are 
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for the supply of the muscular tissue of the iris itself 
and of the coats of the blood-vessels. There are no 
ganglionic cells in the iris, but in the nervous plexus 
which exists in the ciliary processes ganglionic cells 
have been found (Gruenhagen). The spaces between 
the cells and bundles of the second and third layers 
are of a Ijmpliatlc nature. They communicate 
through the spaces in the ligamentum pectinatum 
iridis with the anterior chamber. The blood-vessels 
of the iris are surrounded by l)miphatic sheaths. 

As has already been stated, there is a close con- 
nexion between the fibrous and vascular coats of the 
eye at the comeo- scleral junction, effected by the 
peculiar laminated tissue which has been described 
as forming the inner wall of the canal of Schlemm. 
This tissue is continued for a short distance between 
the proper corneal substance and the membrane of 
Descemet. To its outer or posterior part there is 
attached a quantity of smooth muscular tissue, which 
constitutes the ciliary muscle. This forms, on 
meridional section, a triangular-shaped mass. The 
outermost fibres, which arise in part from the sclerotic 
posterior to the canal of Schlemm, run backw^ards, and 
are inserted into the outer surface of the choroid as 
far back as the equator of the globe. More inter- 
nally are fibres which run more radially — that is, in 
a direction towards the centre of the globe — and are 
inserted into the more anterior part of the choroid 
and outer aspect of its ciliary portion ; while most 
internally are bundles of fibres which run a circular 
course, parallel to the margin of the lens (muscle of 
Miiller). The nerves of the ciliary muscle are de- 
rived from the ciliary nerves. They form a plexus, 
with numerous ganglionic cells. 

Filling up the angle between the outer margins of 
the cornea and iris, and forming the outer boundary 
of the anterior chamber, is a peculiar structure, known 
as the ligamentam pectimatam iridis. This 
consists of bundles of fibres derived from the tissue 
which forms the inner wall of Schlemm's canal. 

T2 
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The bundles divide and unite with one another, so 
as to form a spongy tissue. They are covered by 
endothelium, which is continuous with that lining 
the posterior surface of the cornea, and in their 
outer or corneal portion have, under the endothe- 
lium, a continuation of the structureless membrane 
of Descemet. They are attached to the anterior 
surface of the iris. The spaces which are enclosed 
in the reticulated tissue of the the ligamentum pecti- 
natum are called the spaces of Fontana. They 
communicate on the one hand with the anterior 
chamber, on the other with the canal of Schlemm, 
and through this with the anterior ciliary veins 
(Schwalbe). 

VII. Tbe retina forms the third or internal coat 
of the eye-ball. While the other coats are of con- 
nective-tissue origin, the retina is purely nervous. 
It is the first portion of the eye which is formed, 
and arises on each side as a spherical hollow out- 
growth from that portion of the brain which will 
subsequently form the third ventricle. In its origin 
the retina is precisely analogous to one of the cerebral 
hemispheres. It is attached to the brain by a hollow, 
constricted stalk, the future optic nerve, through 
which the cavity of the brain communicates freely 
with that of the retina. In this stage it is called the 
piimar J optic Teslcle. 

That part of the primary optic vesicle which is next 
the surface of the body is soon pushed back into the 
cavity of the vesicle ; and the result of this invagina- 
tion is that the original cavity is obliterated, and the 
outer portion of the retina comes to lie close to the 
inner, and these two portions bound a cup-shaped 
cavity, which is open externally. In this stage the 
retina is called the secondary optic Tcslde. The 
invagination does not take place exclusively from with- 
out, but also from below, so that at first the secondary 
optic vesicle has in its inferior part a fissure, through 
which there grow into its cavity the connective tissue 
and vessels which will subsequently form the vitreous 
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body. This fissure, however, soon becomes oblite- 
rated by coalescence of its edges, and then the 
secondary optic vesicle is really cup -shaped, its open 
mouth, where the two layers forming its wall pass 
one into the other, being somewhat constricted, and 
occupied by the rudiment of the crystalline lens, 
whose origin from the epidermis will be subsequently 
described. 

The two layers of the wall of the secondary optic 
vesicle, or, as they may now be called, of the retina, 
soon show marked differences ; for while the outer 
layer, or that furthest from the centre of the eye-ball, 
remains thin, soon becomes pigmented, and ulti- 
mately develops into a single layer of flat epithelial 
cells, the inner layer, or that which was invaginated, 
increases greatly in thickness, remains free from pig- 
ment, and gives origin finally to a most complicated 
structure, consisting of nerve fibres, ganglionic cells, 
neuro-epithelium, supporting connective tissue, and 
blood-vessels. 

The retina, thus constituted, has its elements ar- 
ranged in layers lying one over the other. These 
layers, reckoned from within outwards, are the 
following : — 



Developed from internal 
y layer of secondary optic 
vesicle. 



1. Internal limiting membrane, \ 

2. Nerve fibres, 

3. Ganglionic cells, 

4. Internal reticular layer, 

5. Internal granules, 

6. External reticular layer, 

7. External granules, 

8. External limiting membrane, 

9. Rods and cones, 
10. Pigmented epithelium — developed fi-om external layer of 

secondary optic vesicle. 

Of these layers, i and 8 belong to the sapport- 
ingc connectlTe tissae* This consists of fibres 
(JHiiller's fibres), which run radially, and traverse 
all the layers of the retina, except the pigmented 
epithelium. Each fibre expands at its inner end 
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into a conical-shaped enlargement, which frequently 
contains a nucleus. The bases of these enlarge- 
ments, which are turned inwards, and lie internal to 
all the other parts of the retina, meet by their edges, 
and form the internal limiting membrame) 
which is thus, not a separate membrane, as was for- 
merly supposed, but merely the expanded inner ends 
of Miiller's fibres, which are here strengthened by a 
homogeneous cuticulum, most developed at the peri- 
pheral portion of each conical expansion. Miiller's 
fibres, as they pass through the retina, give off fibrous 
and membranous processes, which support the ner- 
vous elements of the different layers. Externally the 
fibres again coalesce to form a thin membrane (ex.- 
ternal limltlnic membrane), which appears in 
sections as a fine, sharply-marked line. This mem- 
brane is perforated by innumerable holes, through 
which the rods and cones pass. From the outer 
aspect of the membrane fine threads extend between 
the rods and cones, and support these bodies. Each 
fibre of Miiller, in that part of it which passes through 
the layer of internal granules, has an oval nucleus, an 
indication of its originally cellular structure. In 
chemical composition the inner portion of Miiller's 
fibres is soft and albuminous, while that which lies 
in the outer layers of the retina is firmer and more 
homy. 

A distinction has recently been made among the 
layers of the retina, which greatly simplifies the con- 
ception of this difficult organ. It has been shown by 
Schwalbe, W. M tiller, and others, that, while layers i 
to 6, consisting, as they do, of nerve fibres, ganglionic 
cells, and connective tissue, resemble a portion of 
the brain, 7 and 9 are of an epithelial nature. Each 
rod and cone is connected with an external granule, 
which is, in fact, its nucleus ; and the compound 
bodies thus formed are, in most respects, identical 
with the modified epithelial cells which form the end 
organs of the nerves in the other organs of special 
sense. It will be observed that those parts which 
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immediately bound the cavity of the primary optic 
vesicle develop into epithelium, just as do those 
parts which bound the ventricles of the brain and 
the central canal of the spinal cord. In the retina, 
as elsewhere, blood-vessels do not penetrate into 
epithelium ; consequently, we do not find any vessels 
external to the layer of internal granules. 

A, necessarily, very short description will now be 
given of the different layers of the retina. 

1 . The internal HniHing naembraifte has been 
already described. 

2. The nerve fibres are continuous with those 
of the optic nerve. They lose their white substance 
as they pass into the eye through the lamina cribrosa, 
and spread out over the surface of the retina as fine, 
naked axis cylinders, commonly presenting varicose 
swellings in their course. They run in bundles, 
which have, on their exterior^ flat connective-tissue 
cells, similar to those of the neuroglia of the brain 
(Schwalbe). The layer of nerve fibres is necessarily 
thickest near the optic entrance, and thins out to- 
wards the periphery of the retina. 

3. The ganslionie eells, in most parts of the 
retina, form a layer only one cell deep. Each cell is 
multipolar. One unbranched process passes into the 
layer of nerve fibres, with one of which it becomes 
continuous. It is identical with the axis cylinder 
process of the ganglionic cells of the brain and cord. 
The other processes branch freely, and pass, more 
or less radially, into the inner reticular layer, where 
they are lost to view. Their termination is not cer- 
tainly known, but they probably are continuous with 
the cells of the layer of internal granules. Between 
the ganglionic cells are flat connectivertissue cor- 
puscles and a soft, semi-fluid, cementing substance. 

4. The inner retienlar layer has a granular 
appearance, but is really composed of an extremely 
fine reticulum of fibres, which are formed of a homy 
material, and belong to the supporting connective 
tissue of the retina. It is traversed by processes of 
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the ganglionic cells and of the inner granules ; also 
by the radial fibres of Miiller, which, however, have 
no connexion with the reticulum. There are na 
nuclei or cellular structures in the inner reticular 
layer. 

5. The inner ipranule layer consists, for the 
most part, of minute, oval, bipolar nerve-cells (gra- 
nules). Each cell sends a fine, varicose, unbranched 
process into the inner reticular layer, where it pro- 
bably becomes continuous with the processes of the 
ganglionic cells, or with one of the nerve fibres of 
the second layer, although these connexions have 
not been certainly demonstrated. From the outer 
end of each granule there passes into the external 
reticular layer a thicker process, which branches 
freely in a horizontal direction, and has been shown 
to be continuous with the internal prolongations of 
the cones (Gunn), and possibly of the rods. 

Besides the bipolar granules, which are genuine 
nerve-cells, there are, in the inner portion of this 
layer, other cells, which are larger, and which stain 
more deeply, and have each but one process, which 
passes into the inner reticular layer, with whose 
formation these cells are supposed to be concerned. 
As has been already mentioned, each fibre of Miiller, 
as it traverses the layer of inner granules, possesses 
an oval nucleus. 

6. The external retleular layer resembles the 
fourth layer in being formed of a very close and fine 
reticulum. It differs, however, in possessing nume- 
rous cells, which are flattened in the plane of the 
retina, in which plane they branch freely. A fine 
plexus of nerve fibres, derived from the outer pro- 
cesses of the inner granules, also occurs in this 
layer. 

7 and 9. The rods and cones, with their internal 
prolongations, in which the internal gi'Anules are 
placed, are modified epithelial cells. Each of them 
passes through a perforation in the external limit* 
ingc membrane, and is thus naturally divided into 
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two parts — an external, lying outside this membrane ; 
and an internal, lying between it and the external 
reticular layer. The external part consists further 
of two segments — an outer and an inner. 

Of these epithelial cells there are two chief varie- 
ties, which are called respectively rods and cones. 

The outer portion of the rods consists, as said, of 
two segments. The oater segment is an elon- 
gated cylindrical body, of a shining appearance. It 
blackens in osmic acid, and does not stain in ordi- 
nary dyes, such as carmine, logwood, &c. It presents 
a fine longitudinal striation, due to shallow grooves 
on its surface, and a transverse striation, due to its 
being composed of a number of plates joined to one 
another by cementing substance. This laminated 
structure is enclosed in a fine sheath, structureless, 
and of a homy consistence. The inner segment 
is granular and protoplasmic, stains feebly in car- 
mine, and does not blacken in osmic acid. It is 
cylindrical or slightly swollen, and of somewhat 
greater diameter than the outer segment. The line 
of junction with the latter is transverse and distinct. 
Just within this the inner segment contains a plano- 
convex body, known as the elli]isoid, which in 
the human retina has a fibrous structure. The inner 
segments of the rods, as well as of the cones, are 
supported by fine thread-like processes from the 
outer surface of the external limiting membrane. 

After its passage through this membrane the inner 
segment of each rod passes into a very fine varicose 
thread (rod fibre), which is continued inwards ta 
the external reticular layer, at whose external limit 
it appears to terminate in a minute spherical or oval 
enlargement. At one point the thread is swollen by 
a nucleus, which is contained within it. This is the 
nucleus of the entire modified cell, and is commonly 
spoken of as an external gi'Anale. It is peculiar 
in presenting a transverse striation, formed by alter- 
nate layers of a bright and dark substance. The 
position of the nucleus is in some cases close to the 
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external limitiiig membiane; in others at different 
distances farther in, closer to the external reticular 
layer. Consequently, the grannies, or nuclei, lie in 
several layers, one above the other, and form a 
stratum of considerable thickness. The thinner and 
more numerous the rods, the more numerous are the 
granules, and the thicker the layer which contains 
them. 

The c^BCS consist of the same parts as those 
which form the rods. The external scsHieirt is 
shorter than that of the rods, and is conical, with the 
apex externally. It consists of a homy sheath, con- 
taining a laminated structure, formed of plates held 
together by cementing substance. The Luier aes* 
■aent is much thicker than the corresponding part 
of the rods. It has in men a large elipsoid, which 
has a fibrous structure (Schultze). In many animals 
the outer end of the inner segment is occupied by a 
fatty globule, which in birds and reptiles is coloured 
red, green, yellow, or sometimes blue. In all ver- 
tebrates, except mammals, double cones are found, 
which are free at their outer end, but joined to- 
gether at their inner extremity. 

After its passage through the external limiting 
membrane the inner segment of the cone passes into 
a fibre, which is much thicker than the rod fibre, 
and which presents a longitudinal striation. It tra- 
verses the layer of external granules, and terminates 
at the external reticular layer in a conical expansion, 
from the base of which fine fibrils come off, and 
enter the reticular layer, running a horizontal course. 
In each cone fibre there is a nucleus : this is oval 
in shape, and situated immediately internal to the 
limiting membrane. It has not the striation of the 
rod nuclei, but possesses a nucleolus. In most 
parts of the human retina the cones are much fewer 
than the rods, three or four of the latter being found 
in the line separating one cone from the next. In 
some animals the cones are much more numerous 
than the rods, or are exclusively present (reptiles) ; 
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while in others the cones are very few, or altogether 
absent (animals of nocturnal habits). 

10. Tbe epittaelimii, developed from the ex- 
ternal layer of the secondary optic vesicle, consists 
of a single layer of flat cells, which are for the most 
part of a hexagonal shape. The outer part of each 
cell is free from pigment, and is bounded externally 
by a horny cuticulum. The non-pigmented portion 
of the cell contains in many animals fat globules, 
sometimes of a yellow colour, and masses of a sub- 
stance similar to that which foims the external seg- 
ments of the rods and cones. The inner portion 
of the cell contains black or dark-brown pigment, 
occurring as minute, elongated, crystalline masses. 
At the junction between the two portions is situated 
a round or oval nucleus. The outermost portions of 
the rods are embedded in depressions in the inner 
pigmented portion of the epithelial cells. These 
cells send numerous thread-like processes inwards 
between the outer segments of the rods and cones. 
The processes are seen sometimes to contain pig- 
ment, and sometimes to want it ; and the remarkable 
fact has been ascertained, that when the eye is ex- 
posed to light the pigment passes down in the proto- 
plasmic processes of the epithelial cells, so as to lie 
in quantity between the rods and cones, while in 
darkness it retracts, so as to lie altogether external 
to these bodies. In Albinos the pigment is alto- 
gether wanting in the epithelial cells. 

Where the optic nerve enters the eye, the layers of 
the retina are absent, and this part is called the 
optic papilla. Since the fibres of the nerve 
diverge in all directions, they leave in the centre 
of the papilla a hollow, with sloping edges. This is 
called the physiological ciLcavatioii, to dis- 
tinguish it from the excavation with abrupt or 
overhanging edges, which is common in cases of 
glaucoma. 

External and slightly inferior to the optic papilla 
is a portion of the retina, which presents many 
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remarkable structural peculiarities. This part is 
called the maciila latea, because here all the 
layers of the retina, as far out as the external reticu- 
lar layer, are diffusely stained of a yellow colour. 
At the peripheral parts of the macula the retina is 
somewhat increased in thickness, bnt becomes gra- 
dually thinner towards the centre, where for a cer- 
tain extent all the inner layers are deficient, and 
with them the yellow pigment and blood-vessels. 
This thin part is called the fOTea centralis. 

The optic nerve-fibres bend around the macula 
lutea, and, becoming gradually fewer, cease at some 
distance from the fovea centralis. The layer of 
ganglionic cells is increased in thickness ; the cells 
are bipolar in shape, obliquely placed, and form no 
longer a single row, but lie over one another, seven 
or eight deep. They extend further inwards than 
the layer of nerve fibres, but gradually disappear 
before reaching the deepest part of the fovea. The 
layer of internal granules also becomes thinner, and 
vanishes. The two reticular layers coalesce, and, 
becoming very thin, extend in a rudimentary condi- 
tion over the fovea. At the peripheral parts of the 
macula lutea the rods become very few, while the 
cones increase in number, and further inwards cones 
only are found. These are much thinner and longer 
than in the other parts of the retina. In consequence 
of their great number, there is not room for all the 
cone granules or nuclei to lie in a single row under 
the external limiting membrane, but they are placed 
in several rows, as close as may be to this. The 
cone fibres no longer run perpendicularly to the 
plane of the retina, but diverge from the fovea 
centralis, forming a layer, which has been named 
the external fibrous layer of tbe retina 
(Henle). In the middle of the fovea the retina 
consists only of the pigmented epithelium, the cones 
with their granules and diverging fibres, and the 
rudimentary reticular layers. 

At some distance behind the ciliary processes the 
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retina, as seen by the naked eye, appears to termi- 
nate abruptly with a jagged margin, which is called 
the ora serrata. Up to this line the thickness of 
the retina diminishes only slightly, but here all the 
layers cease rather suddenly, except the pigmented 
epithelium, which is continued over the inner sur- 
face of the ciliary processes and the back of the iris. 
Internal to this is a single layer of columnar-shaped 
cells, which have no pigment where they cover the 
ciliary processes, but are pigmented on the iris. 
These represent the inner layer of the secondary 
optic vesicle. Internal to them is a structureless 
cuticular membrane. The retina thus simplified is 
called the pars ciliarls retinae where it covers the 
ciliary processes and the choroid between these and 
the ora serrata, and the pars Irldica retinae where 
it lies on the back of the iris. 

In the living eye the outer segments of the rods 
have a purple colour. The pigment can be dissolved 
in bile and other fluids. It fades very rapidly on ex- 
posure to the light, but is reproduced so long as the 
choroidal tissues and the external epithelium of the 
retina retain their vitality. It has been exhaustively 
studied by Kiihne. It is called rtaodopsin or 
Tlsnal pnrple. In some animals a few rods are 
coloured green. The visual purple is wanting in 
those parts where rods are absent, viz. : the macula 
lutea, and for a short distance behind the ora serrata. 

The blood-vessels of the retina are derived 
from the central artery, and, except at the entrance 
of the optic nerve, have no connexion with the 
ciliary vessels. The arteries are all * terminal,' that 
is, they communicate with one another only by capil- 
laries. The larger vessels lie in the layer of nerve 
fibres, while the capillaries extend out as far as the 
inner granule layer. It is said that in the eel there are 
vessels in the external granule layer (Denissenko). 
This is the only instance in which vessels have been 
observed to extend into the epithelial portion of the 
retina, and this observation is not undisputed. 
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Around the retinal vessels are perivascular lympha- 
tic spaces which can be injected by puncture from 
the pial sheath of the optic nerve. 

The optic nerre consists of fine nerve fibres 
which resemble those of the brain and cord in 
possessing a sheath of myeline, while they want a 
neurilemma. The fibres are arranged in bundles, 
which are separated by connective-tissue septa de- 
rived from the pial sheath of the nerve, and which 
contain blood-vessels derived from the ciliary arteries. 
Connecting the nerve fibres is a soft connective 
tissue (neuroglia) with flat cells, which lie not only 
on the exterior of the bundles but also among the 
fibres. At about half an inch behind the eye the central 
artery and vein pierce the optic nerve, and, accom- 
panied by connective tissue, run in its axis to the 
optic papilla, from which their branches spread out 
over the retina. The optic nerve is surrounded by 
sheaths derived from the brain membranes. The 
external is continuous with the dura mater; the 
internal closely surrounds the nerve and is continu- 
ous with the pia mater; between these is a space 
divided into two by a thin membrane derived from 
the arachnoid. The subdural space or that between 
the dura mater and arachnoid, and the subarachnoid 
space, or that between the arachnoid and pia mater, 
are traversed by numerous fibrous trabeculse, and com- 
municate with the corresponding spaces around the 
brain. The subarachnoid space also communicates 
freely with the suprachoroidal lymph space between 
the sclerotic and choroid coats of the eye. 

At the back of the eye the sheaths of the optic 
nerve become continuous with the ocular tunics ; the 
pial sheath passes in part into the choroid, but 
chiefly into the sclerotic, with which the other 
sheaths are continuous. 

As the optic nerve passes through the coats of the 
eye it becomes much narrowed in consequence of the 
nerve fibres losing their myeline. The bundles of non- 
medullated nerve fibres here traverse a close network 
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of connective tissue derived from the sclerotic and 
choroid, and called the lamina eribrcisa. At this 
place there is a communication in the nerve between 
the central artery and the ciliary arteries. 

VIII. The crystalline lens is an epidermic 
structure, and is originally formed as a depression 
of the general surface of the head, from which it is 
soon completely separated. It is at first a hollow 
vesicle lined by epidermic cells. The posterior wall of 
this vesicle increases in thickness and encroaches on 
the cavity, which is finally obliterated. 

The mature lens is enclosed in a capsule, which 
is thicker on the anterior than on the posterior Sur- 
face. The capsule is very elastic, but differs from 
both elastic and ordinary connective tissue. It re- 
sembles the sarcolemma of muscle, and the basement 
membrane of gland-vesicles (Schwalbe). It has no 
cells or nuclei or vessels, and presents an obscurely 
lamellar structure. It is partly derived from the 
epidermic cells of the lens as a cuticular formation, 
partly from a vascular membrane which covers the 
lens in foetal life (Schwalbe). 

Underneath the capsule of the anterior surface of 
the lens is a single layer of flat polygonal cells. At 
the edge or equator of the lens these pass gradually 
into elongated fibres of which the mass of the lens 
is composed. The fibres are the modified epithelial 
cells of the posterior wall of the original lens vesicle. 
Each is hexagonal in cross section, but so that two 
opposite surfaces are much longer than the others. 
In this way each fibre is a flattened band. Except 
in the most central parts of the lens each fibre con- 
tains one nucleus. The outer portion of the fibre is 
denser than the central parts, but there is no sepa- 
rable sheath or cell-wall. From the surface short 
spines project, which help to unite neighbouring 
fibres, as the cells of the stratiun spinosum of the 
epidermis are joined. The fibres are also joined 
together by cementing substance into lamellae, which 
are arranged parallel to the surfaces of the lens. In 
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a macerated and hardened lens a stellated figure is 
seen on the anterior, and another on the posterior 
surface. These are accumulations of cement in 
which the fibres terminate. The lens has neither 
blood-vessels nor nerves. 

IX. The Titreous body is a transparent semifluid 
mass which fills the space between the lens and the 
back of the eye. It is enclosed in a structureless 
capsule named the hyaloid membrane. This 
lies in apposition with the internal limiting mem- 
brane of the retina. Immediately internal to the 
hyaloid membrane are scattered cells resembling 
white blood corpuscles, and which have probably 
emigrated from the vessels of the adjacent parts. 

The vitreous body itself contains 98.6 per cent, of 
water, which holds in solution salts, albumin, and 
mucin. Through the centre of the vitreous body 
there extends a canal reaching from the optic disc to 
the posterior surface of the lens. It is bounded by 
a membrane, and contains fluid similar to that which 
forms the bulk of the vitreous. In foetal life this 
canal contained an artery (hyaloid artery) derived 
from the central artery of the retina, and destined 
for the supply of the lens. At the peripheral part of 
the vitreous body, and parallel to its surface, fissures 
exist filled with fluid. These are not bounded by 
membranous walls, but by the substance of the 
vitreous body itself. In the vitreous body very few 
fibres exist except in front, where they lie near the 
surface, and help to form the zonula of Zinn. Nume- 
rous cells are found in the vitreous body. They 
present various shapes : many of them are branched, 
and they may contain several nuclei and also vacu- 
oles filled with clear fluid. They are all wandering 
cells which have reached the vitreous from without. 
The vitreous body, which in foetal life is formed of 
connective tissue, has, in the mature eye, undergone 
such modification that all the fixed cells and most 
of the fibres have disappeared, while there remains 
only the albuminous cementing substance infiltrated 



THE EYE. 289 

with water, and permeated by wandering cells 
(Schwalbe). 

Anterior to the ora serrata the hyaloid membrane 
loses its homogeneous structure, and presents stiff, 
shining fibres, which run forwards in contact with 
the pars ciliaris retinae. This fibrous portion of the 
hyaloid membrane is thrown into folds, which are at 
first very shallow, but at the ciliary processes become 
very prominent, and dovetail with these projections 
of the choroid. The summits of the ciliary processes 
are in contact with the deepest part of the depres- 
sions between the folds of the hyaloid membrane, 
whereas the summits of the folds of the latter do not 
reach the deepest part of the valleys between the 
ciliary processes. Consequently, corresponding to 
each of these is a space, which opens in front into the 
posterior chamber of the eye. These spaces are the 
recefi«ii8 camerse posteiioiis (Kuhnt). From 
the apices of the ciliary processes the hyaloid mem- 
brane runs a free course to the edge of the lens, and 
in this part forms part of the boundary of the posterior 
chamber of the eye. Here the fibres are collected 
into bundles, which are separated from one another 
by fine fissures. Of the bundles, those which cor- 
respond to a valley between two ciliary processes 
pass to the anterior surface of the lens, and become 
continuous with the exterior of its capsule ; while 
those bundles which correspond to the summit of a 
ciliary process pass to the edge of the lens, and 
extend a slight distance on its posterior surface, 
where they also become continuous with the capsule. 
All that part of the hyaloid membrane which has a 
fibrous structure and is thrown into folds — that is, 
that part which extends from the ora serrata to the 
edge of the lens — is called the zonula ciliaris^ or 
the zonula of SEInn* 

Behind the anterior part of the zonula, and sur- 
rounding the edge of the lens, is a space which, 
on meridional section of the eye, appears of a tri- 
angular shape. This is known as the canal of 

V 
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Petit. It is bounded in front by the zonula, inter- 
nally by the edge of the lens, and posteriorly by the 
vitreous body. It is commonly stated that the hya- 
loid membrane divides in front into two layers, of 
which the posterior separates the canal of Petit from 
the vitreous body; Schwalbe, however, holds that 
there is no membranous posterior wall to Petit's canal, 
but that this is bounded merely by the naked vitreous 
body. He further finds that the canal of Petit com- 
municates freely with the posterior chamber of the 
eye by means of the fissures between the bundles of 
the free portion of the zonula of Zinn. 



1. Vhm eyellAi maybe hardened in alcohol alone, or chro> 
mic acid, one-sixth per cent., for a week, and then in alcohol. 

Sections made vertically and at right angles to the siirface. 
Logwood or picrocarmine ; balsam. 
The structures described above will be easily recognised. 

2. liAchryMAl iplftad haxdened in alcohol. Logwood; 
balsam. 

Appearances similar to those seen in serous salivary glands. 

3. Cornea of dog, cat, rabbit, &c. Hardened in Miiller's 
fluid or chromic acid, one-sixth per cent. ; then alcohol. Ver- 
tical section. Logwood or picrocarmine ; glycerine or balsam. 

The different layers will be seen. The cells will appear as 
narrow bodies l3ring between the lamellae. 

4. Macerate a fresh cornea for twenty-four to forty-eight hours 
in Muller's fluid diluted with an equal bulk of water, or in dilute 
alcohol. Scrape the anterior surface with a sharp scalpel, and 
diffose the scrapings in a drop of picrocarmine | cover, and place 
in the moist chamber until the ceUs are stained ; then allow 
glycerine to run in under the cover-glass. The cells will be got 
isolated, and their various shapes wm be well seen. 

5. Remove carefully the cornea of a recently-killed rabbit, 
taking care that the membrane is not dragged, or soiled widi 
blood or hairs. Place at once in freshly-expressed lemon juice, 
and leave for five minutes. Wash rapidly in distilled water, 
and place in chloride of gold (one per cent, solution in distilled 
water) ; put it away in the dark, and leave for twenty minutes. 
Then wash again in distilled water, and place in water to each 
ounce of which one drop of acetic add has been added, and 
expose to the light. In a short time the large nerve trunks will 
appear as dark unes, and after some hours or days, according to 
the Ught and temperature, the whole cornea will have assumed 
a purple or dark*bliie appearance. It is then placed for some 
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time in alcohol, which completes the hardening, and also pre- 
vents the gold staining from becoming diffuse (Ranvier). 

Make vertical and horizonal sections, and mount in glycerine. 

In the vertical sections the cornea coxpuscles will appear as 
darkly-stained linear bodies between the lamellae, as in 3. Por- 
tions of nerves will be seen stained black, the larger trunks in 
the mid-depth, the smaller near the anterior surface. Just under 
the epithelium, fine varicose threads may be seen to run, and 
from these, or directly from deeper fibres, minute fibrils may be 
seen to ascend into the epithelium, and ramify among the epi- 
thelial cells. 

In horizonal sections the branching cornea corpuscles will be 
seen from their surface, and appear as stellate anastomosing 
figures. (They may be even oetter seen by tearing a gold 
cornea into lamellae with fine forceps.) The different nerve 
plexuses will be seen, according to the depth of the section from 
the anterior surface. 

6. The eye of a recently-killed frog is enucleated, washed in 
distilled water, and placed in three per cent, nitrate of silver 
solution. In a few minutes it is removed, and the epithelium 
gently scraped off the cornea. The eye is replaced in the silver 
solution for twenty minutes. It is then removed, and washed 
in distilled water, m which it is exposed to sunlight, with the 
cornea uppermost, until the latter assumes a deep brown colour. 
The cornea is then very carefully removed with fine scissors. 
Three or four radial notches are made in its edge, so that it will 
lie flat, and it is mounted in glycerine. If it be mounted without 
removing the posterior endothelium, this will be seen, the out- 
lines of the cells being made evident by the silver. These and 
the nuclei have often very irregular contours. The endothelium 
may be removed by brushing with a camel's hair pencil, and 
also by the same means any remnants of the anterior epithelium. 
The basis-substance of the cornea will then be seen of a dark- 
brown colour. On this are white branching and anastomosing 
figures, which are the spaces in which the cornea corpuscles lie. 
Traversing the cornea are branching, dear canals, lined by elon- 
gated endothelial cells, whose outlines appear as fine dark lines. 
These are the channels in which the larger nerves run. It may 
be seen that some of the branching spaces communicate witA 
these canals. If such a cornea is stained in logwood, the nuclei 
of the cornea corpuscles will appear of a blue colour in the 
interior of the clear spaces. 

The cornea may be stained with silver by scraping off the 
epithelium and rubbing the surface with a solid stick of nitrate 
c^ silver. The cornea is then removed and moimted in glycerine, 
and exposed to the light imtil it becomes brown. In some 
animals the cornea corpuscles lie in groups and the ceUs meet 
by flat edges — ^like an endothelium. The spaces which con- 
tain these groups communicate by broad chsiBnels. This ar- 

U 2 
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rangement can be well seen in the cornea of the cat when it has 
been stained with silver. 

8. The eye of a rabbit is divided with a sharp razor into an 
anterior and a posterior half. The former is hardened in M Wer's 
fluid for a fortnight, then spirit. Or in chromic acid and spirit. 
The posterior capsule of the lens is then opened and the lens re- 
moved. With sharp scissors a radial segment is cut out, starting 
from the centre of the cornea and including all the coats — cor- 
nea, sclerotic, iris, choroid, ciliary processes, and ciliary muscle. 
This piece should be stained en fnasse in logwood, then dehy- 
drated, and then soaked in oil of cloves. It should then be 
placed in cacao butter just melted, and kept in this for an hdur 
or two until it is completely infiltrated with the mass. It is 
finally embedded in the cacao butter, using a paper box, as was 
done when the wax and oil mass was employed. The object 
should be so placed in the box that the sections may have a 
radial direction from the centre of the cornea. The sections, 
which are best made with a microtome, should be placed for 
some minutes in oil of cloves, which dissolves out the cacao 
butter, and then mounted in balsam (Schafer). Instead of 
cacao butter paraffiin may be used : the details of this process 
will be given in the appendix. If successful, these sections 
show the parts which have been noticed as occurring at the 
comeo-scleral junction and the adjacent structures, which will 
be readily recognised, and need not be again described. 

9. If from another portion of the same eye the sclerotic and 
choroid be separated, and some of the loose tissue extending 
between them be teased in a drop of water or glycerine, the 
flat branching connective-tissue cells will be seen, £^ed with 
black or yellowish-brown pigment. In the dog the cells are not 
branched, but are flat plates marked with lines where the pig- 
ment is deficient, and which are impressions of elastic fibres on 
which the cells lie. 

Vertical sections through the choroid, hardened in Muller's 
fluid and alcohol, show the pigmented connective tissue and the 
numerous blood-vessels. Tne larger ones external, the capillaries 
near the inner surface. 

On the inner surface of the choroid the flat hexagonal retinal 
epithelium will be found, and can be removed by gentle scraping. 

10. The lens contained in its capsule is hardened for a fort- 
night in Miiller's fluid, then in alcohol. Sections are made, 
stained in logwood and mounted in glycerine. These will show 
the fibres and epithelium in situ. Portions may be torn up in 
glycerine or water, when the isolated fibres will be seen. It will 
be observed that epithelium exists only on the anterior surface 
of the lens, lining the capsule. When the fibres are seen in 
cross section they appear as hexagonal figures, of which two 
opposite sides are longer than the other four. In the isolated 
fibres the serrated margins will be seen, more distinct in some 
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animals, as frogs, than in mammals. The anterior epitheliimi 
may be shown also by staining the fresh lens in nitrate of silver, 
and shaving off a thin layer from the anterior smface. The 
transition of the epithelial cells into the lens fibres at the equator 
is best seen in small lenses, such as that of the frog. 

II. To harden the retina it is better not to open the eye, at 
least for the first few hours of the hardening. If the fresn eye 
be opened the retina is apt to fall into folds, and separate from 
the choroid. The eye must be quite fresh : two or more short cuts 
should be made with a razor through the coats, and the eye sus- 
pended in Miiller's fluid, or a mixture of chromic acid and spirit. 
In two or three days the globe may be divided across, and the 
posterior half again placed in the hardening fluid. The harden- 
mg is completed in the usual way by alcohol. Portions of the 
retina are tnen carefully cut out, stained with logwood or picro- 
carmine, and embedded in cacao butter, after having been 
treated as in 8, or in paraffin. The sections must be very thin. 
They may be mounted in balsam, or, after dissolving out the 
cacao butter by oil of cloves, the sections maybe placed in spirit 
(which removes the oil of cloves) and then mounted in glycerine. 

The retina may be torn up in order to isolate its elements. It is 
best to use the frog's retina whose structure is simple. Portions 
of the fresh membrane should be placed for twenty-four hours in 
osmic acid, i per cent. Then in water to which a little glycerine 
is added. Small fragments may be torn up with needles in a 
drop of glycerine. The rods with their large external segments, 
and the small conei between, will be easily seen, and sets of 
these connected with their external granules will be met with, as 
well as fragments of the other layers. The retina is an extremely 
difficult object, and students will only waste their time in at- 
tempting to prepare it until they have acquired considerable 
dexterity in microscopic manipulation. 
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CHAPTER XVIII. 

THE EAR. 

I,— 7%^ Tympanum. 

The membrana tympani consists of three layers. 
The outer is a continuation of the skin of the me- 
atus. It is extremely delicate, and the corium has 
no papillae. The inner layer is part of the mucous 
membrane of the cavity of the tympanum. It is 
covered by a simple scaly epithelium. The middle 
layer is peculiar to the membrana ; it consists of 
fibrous tissue, arranged in bundles, and of elastic 
fibres. The fibres and bundles have a circular direc- 
tion in the inner part ; externally they radiate from 
the handle of the malleus. 

The membrane is freely supplied with blood- 
vessels, nerves, and lymphatics. 

The cavity of the tympanum is lined by a 
very delicate mucous membrane, which is continued 
into the mastoid cells. It is covered in the lower 
part of the cavity by columnar ciliated epithelium, 
continued from the Eustachian tube ; but over the 
membrana tympani, the ossicula, the upper part of 
cavity, and the promontory the epithelium is simple 
squamous. A gradual transition occurs from one 
kind of epithelium to the other. There are said 
to be mucous glands in the lining membrane of the 
htmian tympanum. 

II. — Vestibule and Semicircular Canals. 

The utricle and saccule and the uicuibra- 
nous semicircular canals lie in the correspond- 
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ing bony hollows, from whose inner surface they are 
separated by the perilymph. This fluid does not, 
however, completely surround the membranous 
labyrinth. The utricle and saccule lie close to the 
inner wall of the vestibule, and the membranous 
semicircular canals lie against the bone, on the 
convex aspect of the canals. In this position they 
are held by ligamentous bands, which pass to them 
from the periosteum lining the bony labyrinth. 
Branching bands also extend across the peril3rm- 
phatic spaces from the periosteum to the free wall 
of the membranous canals. These extensions from 
the periosteum form a fibrous or outer eoat for 
the membranous labyrinth. The periosteum, the 
ligaments, and the outer surface of the membranous 
labyrinth are covered by endothelium. 

Under the fibrous coat is the membrana pro- 
pria, or basement membrane, which is a homo- 
geneous structure, thinner at the side which lies next 
to the bone than elsewhere. It possesses in man 
papilla-like prominences, and is lined by a single 
layer of fiat epitheliaui. 

Where the nerves enter the utricle and saccule the 
wall presents an internal prominence, called the 
macula acustica, and a corresponding promi- 
nence at the nerve entrance into each ampulla of 
the semicircular canals is called the crista acnstlea. 
At these points the membrana propria is thickened, 
and contains pigment cells. The nerve fibres, having 
formed a plexus, pierce the basement membrane, 
losing their white substance, and form a network of 
fine fibrils. 

The epitbcliniii here consists of two kinds of 
cells. In one, the cells are columnar, and have on 
their free ends long hair^-like projections. Their 
deep or attached ends are continuous with nerve 
fibrils. These cells are an example of neuro-epithe- 
lium, and correspond to the rods and cones of the 
retina, with their respective granules and fibres. 
Between the columnar cells are others, which are 
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long and thin ; they rest by an expanded foot on 
the basement membrane, while their free ends are 
continuous with a membranous cuticulum, which is 
perforated by the hairs of the columnar neuro- 
epithelium. The second kind of cells have na 
connexion with the nerves, and serve probably as 
supporting organs for the columnar cells. 

Resting on the maculae and cristae acusticae are 
groups of minute crystals of carbonate of lime, en- 
closed in a gelatinous substance. They are called 
otoliths. 

III. — Cochlea, 

The cochlea is a tube coiled in a spiral around 
a central pillar of bone, called the modiolus. This 
tube is divided by a septum, extending from its 
inner side, or that next the modiolus, to its outer 
wall. In its inner part the septum is formed of a 
spiral crest of bone, projecting from the modiolus, 
and called the lamina spiralis ossea ; and in its 
outer part by a tense membrane, called the mem- 
branabasilaris, which is attached internally to the 
lamina spiralis ossea, and at its outer part to a mass 
of connective tissue, having on cross section a some- 
what triangular shape, and called the ligamentiim 
spirale. The latter is a thickened and somewhat 
modified part of the periosteum of the bony cochlea. 

On that surface of the lamina spiralis ossea which 
looks towards the apex of the cochlea the perios- 
teum is greatly thickened, and forms a projection, 
with overhanging edge looking outwards. This is 
called the crista spiralis. From the upper surface 
of the thickening, there comes off a membrane, 
which passes upwards and outwards, and is attached 
to the upper part of the outer wall of the cochlear 
tube, at a considerable distance above the attach- 
ment of the membrana basiiaris. This is the mem- 
brane ofReissner. 

In this way the cochlear tube is divided longitudi- 
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nally into three compartments— one lying below 
the membrana basilaris and lamina spiralis ; this is 
the ftcala tympani s one above the membrane of 
Reissner; this is the 8cala Testlbali; and one, 
triangular on cross section, lying between the mem- 
brane of Reissner and the membrana basilaris : this 
is the dacstus cochleaiis, or 8cala media. This 
latter portion contains the organ of hearing, and is 
analogous to the membranous semicircular canals* 
The scalae t3rmpani and vestibuli are lymph spaces, 
and analogous to the other perilymphatic spaces of 
the labyrinth. The ductus cochlearis is closed above, 
and below it communicates with the saccule by a 
minute canal, called the canalls reuniens. 

On the membrana basilaris is seated a highly- 
complicated epithelial structure, called the organ 
of Cortl. In brief, it consists of two rows of rod- 
like bodies, which rest on the membrana basilaris at 
some distance from one another by one end, while 
by the other they are inclined towards each other, 
and meet in a sort of articulation. These rods are 
called the pillars of Corti, and they form, with 
the portion of membrana basilaris between their 
feet, a triangular-shaped space, running the entire 
length of the cochlea. This space is called the 
tannel. The internal pillars are more numerous than 
the external. Each of the latter articulates with two 
inner pillars. In the upper end of each pillar is the 
vestige of a nucleus, and occupying the acute angle 
between the basilar membrane and the attached end 
of each pillar is a nucleated mass of granular proto- 
plasm. At each side of the tunnel are disposed the 
cells which form the end organs of the auditory 
nerves. These are columnar- shaped cells, which 
carry on their free ends, fine hair-like processes. On 
the inner side of the tunnel (that is, next the modi- 
olus) there is one row of such cells ; on the outer three 
or four. Each of these outer cells is a compound 
body, formed of two cells — a pyramidal cell, which 
has the hairs on its larger free end, and, connected 
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with it, a spindle-shaped cell. The former are the 
cells of Cortl ; the latter the cells of l^eitera. 

Beyond these sensory cells, both on the outer and 
inner sides of the tunnel, are epithelial cells, at first 
of a high columnar shape, but which diminish in 
length as they recede from the pillars of Corti. 
Covering the hair cells is a cuticular membrane, 
starting from the upper ends of the pillars of Corti, 
and becoming gradually lost external to the hair 
cells. It is perforated, to allow the free ends of the 
latter to project through it. It, consequently, is full 
of holes, and is called the membrajia retlea- 
laiis. 

Attached to the crista spiralis, close to the inner 
attachment of Reissner's membrane, is a membra- 
nous structure, which extends outwards over the 
organ of Corti. It is thin at its origin, but becomes 
thicker externally, and is in close contact with the 
outer hair cells. It is called the membrana tee* 
toiia* 

The nerres run in the axis of the modiolus, and 
all along its course bundles come ofif, and pass 
through the lamina spiralis ossea. In this, or in 
the modiolus internal to it, they meet a mass of 
bipolar ganglionic cells, which runs spirally all along 
the inner wall of the cochlea, and is called the 
spiral ganglion. It is probable that each nerve 
fibre has on its course one ganglionic cell. Beyond 
the ganglion the fibres continue to run in the lamina 
spiralis, forming dense plexuses, and finally lose 
their white substance as they pass through a series 
of holes in the membrana basilaris, and enter the 
ductus cochlearis. Here they terminate in the outer 
and inner hair cells. Those going to the former 
pass across the tunnel of Corti. The attachment of 
the nerve fibres is not to the ends, but to the sides of 
the epithelial cells. 

There are tracts of very delicate nerve fibres 
running among the attached ends of the epithe- 
lial cells of Corti's organ, and which follow the 
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spiral course of the cochlea. These are the spiral 
fibres. Their destination is unknown. 

The entire perilymphatic space of the internal ear 
forms a continuous cavity. The semicircular canals 
and the scala vestibuli open into the vestibule, while 
the scala tympani is continuous with the scala ves- 
tibuli at the apex of the cochlea by an opening 
called the laellcotreuia. This perilymphatic space 
is, furthermore, continuous with the subdural cavity 
of the brain — according to some, by the continuation 
of this latter cavity along the auditory nerve ; ac- 
cording to others, by means of the aqtieductus cochlea^ 
which opens into the lower part of the scala tym- 
pani. On this account the aqueductus cochlese has 
been named the ducstus perllympliatlciis. 

The endolymphatic spaces form also a conti- 
nuous cavity. The membranous semicircular canals 
open into the utricle; the saccule communicates 
with the ductus cochleae by the canalis reuniens. 
From the utricle a canal proceeds, which unites 
with a similar canal from the saccule, and the junc- 
tion of these forms the aqueductus vestibuli. This 
canal is generally supposed to terminate by a blind 
extremity in the interior of the cranium, under the 
dura mater ; but Hasse maintains that the subarach- 
noid space of the brain communicates by the aque- 
ductus vestibuli with the endolymphatic cavities of 
the internal ear. He consequently calls the aque- 
ductus vestibuli the ductus endolyinpliatlciis. 

The internal ear is altogether unsuited for microscopic prepa- 
ration by beginners. 

The semicircular canals and utricle and saccule are best got 
from the skate. In this animal the cranium is cartilaginous, 
and the structures in question can be dissected out with a knife. 
They are best hardened in osmic acid, or a mixture of chromic 
acid and spirit. The sections must be very thin, and are best 
mounted in glycerine. 

In order to see the neuro-epithelium, torn preparations may 
be made from the maculae or cristse acusticae, hardened in osmic 
acid. 

The cochlea is best got from the guinea-pig, since in this 
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animal it projects free into a cavity snnonnded by bone, called 
the tympanic bulla. Witb a little care it may be separated with 
sharp bone forceps. It should be hardened either in osmic add 
or in a flnid made by adding slowly i8o cc. methylated spirit to 
20 cc. of a five per cent, solution of chromic add. Tins fluid 
should be chang^ every two or three days for ten days. The 
cochlea is then placed in chromic and nitric add, which should 
be frequently changed imtil the bone is softened. Having been 
well washed in water, it is soaked with gum, and then placed in 
spirit, which hardens the gum in the interstices of the organ, 
•and gives support to the fr^;ile structures while the sections are 
being made. The sections should be puaUel to the axis of the 
cochlea, and it is only two or three sections near the axis that are 
of use. The sections must be placed in water, to dissolve out 
the gum, then stained in carmine or logwood, and mounted in 
glycerine (Rutherfoid). 

Instead of gum, paraffin may be used as the embedding mass. 
The paraffin method will be described in the Appendix. 
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CHAPTER XIX. 

THE MUCOUS MEMBRANE OF THE NOSE. 

The lower portions of the nasal passages belong to 
the respiratory tract, and, like the remainder of 
this, are covered by a columnar ciliated epithelium, 
with goblet cells. Numerous acinose glands, some 
of a mucous, but the greater number of a serous 
type, open on the surface. The blood-vessels of the 
mucous membrane are numerous and large, particu- 
larly the veins, which lie very superficially. Bundles 
of smooth muscular tissue traverse the mucous mem- 
brane between the glands and large blood-vessels. 
This arrangement of dilated blood-spaces surrounded 
by muscular bands has some resemblance to a caver- 
nous tissue (Klein). 

The proper olfactory regloii of each nasal 
cavity is confined to its upper part, the superior and 
part of the middle turbinated bones, the superior 
meatus, and the corresponding parts of the septum. 
In these places the mucous membrane is character- 
ised by having a deep yellowish-brown colour. 

The epithelium of this region is peculiar in its 
structure, and contains elements which are, in all 
probability, the terminal organs of the olfactory 
nerves. It is consequently an example of neuro- or 
nerve-epithelium. It is much thicker than the epi- 
thelium of the respiratory region, and consists of 
three kinds of cells, all of which are elongated 
bodies, placed at right angles to the basement mem- 
brane on which they rest. 

I • Long colimmar-Bhaped cells, each of which 
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contains an oval nucleus, situated somewhat above 
(that is, nearer to the suiface than) its middle part. 
The part of the cell above the nucleus is cylindrical 
and longitudinally striated ; while below the nucleus, 
the cell is diminished in thickness, and marked by 
numerous rounded depressions, which are separated 
by crests or ridges. At its deep or attached end the 
cell expands into a conical foot, or divides into 
short processes, which are attached to the basement 
membrane. The protoplasm of these cells some- 
times undergoes a mucous transformation, or, in 
other words, the cells become goblets. This change 
is, however, not so frequent in the olfactory portion 
of the nose as it is in the respiratory region. 

The pigment which gives the mucous membrane 
its brown colour is in great part contained in the 
epithelial cells of the first kind. In men it is situ- 
ated in the superficial part of the cells, while in 
animals it occupies the portion next the basement 
membrane. 

2. Each of the cells of the second kind pos^ 
sesses a round or short oval nucleus. About this is 
only a small quantity of protoplasm, massed chiefly 
at the superficial and deep poles of the nucleus. 
From the fonner a moderately thick cylindrical pro- 
cess extends to the free surface of the epithelium* 
where it terminates, in men and mammalian animals, 
in a short, rod-like end ; but in many of the lower 
animals it carries on its free extremity a bunch of 
long, hair-like appendages, somewhat resembling^ 
cilia, from which, however, they differ in having no 
power of movement. From the protoplasm at the 
deep pole of the nucleus a delicate varicose thread 
is continued downwards, and is supposed to become 
continuous with the terminal fibres of the olfactory 
nerve. These cells are, therefore, looked on as the 
end organs of ihe nerTC of smell, while the 
cells of the first kind are merely supporting organs* 
The rounded depressions which were noticed as oc- 
curring on the deeper part of the supporting cells 
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are caused by the pressure of the nuclei of the olfac- 
tory cells. These nuclei lie in several layers, so that 
some cells have a short external and a long internal 
process, and others just the reverse, according as the 
nucleus which divides the two portions of the cell 
lies in a superficial or in a deeper layer. The nuclei 
of the supporting cells all lie at the same level, and 
on a plane superficial to the nuclei of the olfactory 
cells. 

3. The cells of the third kind are usually de- 
scribed as short conical bodies, whose broad ends 
rest on the basement membrane, and whose apices 
extend among the deeper parts of the other cells. 
They contain oval nuclei. By most histologists they 
are looked on as replacement cells, or young 
forms of the first and second kind. Ranvier, how- 
ever, describes them as being flat, of stellate shape, 
spread out on the surface of the basement membrane, 
and anastomosing by their processes. He thinks 
that they have no relation to the other cells, and he 
looks on them as being analogous to the flat cells 
which occur in the external reticular layer of the 
retina. He calls them hasal cells. 

A fine cuticulum, called the membrana Uml- 
tans olfactorla, exists on the free surface of the 
epithelium of the olfactory region. It covers over 
the ends of the supporting cells, but is perforated by 
holes, through which protrude the rods or hairs of 
the olfactory cells. 

The macons nienibrane is thicker than in the 
respiratory region, and contains the bundles of the 
olfactory nerve, and peculiar glands, called after 
their discoverer, Hoiprnian's glands. They are 
tubular, slightly branched, and lined by polygonal 
granular epithelial cells. They open on the surface 
by a narrow duct, which traverses the thick olfactory 
epithelium, and consists of a basement membrane, 
lined by small, flat cells. In man, acinose mucous 
glands, or transitional forms between these and 
Bowman's glands, are commonly found. 
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The fibres of the olfactory nerre consist each of 
an axis cylinder, composed of very fine fibrils, sur- 
rounded by a neurilemma, with numerous nuclei. 
They have no white substance of Schwann, resembling 
in this the fibres of the sympathetic nerve, from 
which, however, they differ in being thicker, and in 
not forming anastomoses with one another. They run 
in bundles, each of which is surrounded by a con- 
nective-tissue sheath, somewhat resembling the peri- 
neurium of other nerves. Between the laminae of 
this sheath are continous lymphatic spaces. The 
nerve bundles divide, and form plexuses at different 
depths in the mucous membrane, and in the most 
superficial plexus the nerve-fibres divide into fibrils 
or groups of such. These penetrate the epithelium, 
and are believed to become continuous with the fine 
varicose threads which form the deeper part of the 
olfactory cells, and which they very much resemble 
in their appearance. According to Ranvier, the con- 
tinuity of the nerve-fibrils with the cells is not direct, 
but the fibrils form a plexus, which lies superficial to 
the basal cells of the epithelium, and with the threads 
of this plexus the deep processes of the olfactory 
cells unite. 

The lympbatlc spaces about the nerves, as well 
as the general lymphatics of the olfactory mucous 
membrane, can be injected from the subdural space 
of the brain (Key and Retzius). 

Lying at each side of the septum of the nose, at 
its anterior and lower part, is the organ of JFacob- 
son. This is a short tube, closed posteriorly, and 
opening in front either into the nasal cavity or into 
the canal of Stenson. It is compressed from side to 
side, and on cross section has a somewhat reniform 
shape. Its inner wall is covered by epithelium, re- 
sembling that which lines the olfactory region ; while 
its outer wall is covered by ordinary columnar ciliated 
cells, with goblets. Numerous acinose glands pour 
their secretion into the tube, chiefly at the upper 
and lower angles. The inner wall receives a branch 
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of the olfactory nerve. In the outer wall numerous 
large blood-vessels are contained. The entire organ 
is supported, in most animals, by a special piece of 
cartilage ; but in the mouse it is enclosed in a thin, 
bony capsule. Between the capsules of the two sides 
the lower part of the cartilaginous septum of the nose 
is received. In this animal the organ of Jacobson 
undergoes a kind of rotation posteriorly, or towards its 
closed end, so that the side lined by sensory epithe- 
lium, instead of lying internally, is inferior, and the 
side lined by ordinary columnar cells is superior, the 
whole tube being compressed from above down- 
wards. 



1. In a frog the nasal canal is very short and simple. The 
posterior nares open just within the margin of the upper jaw. 
A frog is decapitated, and the nasal canals slit up with pointed 
scissors. The head is placed to macerate in diluted Miiller's 
fluid or dilute alcohol for twenty-four hours. If the inside of 
the nose be then scraped, in the scrapings will be found, besides 
ordinary ciliated and goblet cells, me two first kinds of cells 
peculiar to the olfactory region. They may be stained in picro- 
carmine, and mounted in glycerine. 

The elements are very fragile, and often become twisted and 
broken in the process of mounting. In order to give them more 
resistance, Ran\der recommends that the fresh mucous mem- 
brane should be placed for an hour in dilute alcohol, then for 
five minutes in osmic acid, one per cent., and then in water. 
The cells are then scraped oflF the membrane, and separated in 
water or picrocarmine. In the frog the free ends of the olfac- 
tory cells have long, hair-like processes, which are very delicate, 
and are frequently destroyed in making the preparations. 

2. The superior turbinated bone or the upper part of the nasal 
septum of a recently-killed rabbit is placed m chromic acid and 
spirit for a week ; then in chromic acid and nitric acid until the 
thin bone is softened ; then washed in water, and placed in 
alcohol. Thin vertical sections are stained in logwood, and 
mounted in balsam or glycerine. 

The distinction between the non-olfactory parts of the mucous 
membrane, with its ciliated epithelium, and the olfactory por- 
tion, with its much thicker sensory epithelium, will be at once 
apparent. In the latter there wiU be seen a continuous row of 
oval nuclei near the surface. These belong to the supporting 
cells. Below thein are several layers of round nuclei, somewhat 
resembling the granule layers of the retina. These belong to 

X 
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the olfactory cells. At the deeper parts may be seen the nuclei 
of the basal cells. In the mucous membrane Bowman's glands 
are conspicuous objects, and some of their ducts will probably 
be met passing through the epithelium. The bundles of the 
olfactory nerve will also be seen. 

In the deeper layers of the epithelium and in Bowman's glands 
pigment is found. 

3. The head of a recently-decapitated mouse is placed for a 
few days in chromic acid and spirit, and then in chromic and 
nitric acids until decalcified ; tnen washed, and preserved in 
spirit. Transverse sections are made through the nose, perpen- 
^cularly to the plane of the palate. Stained in logwood and 
eosine ; mountea in dammar. 

A general view of the chambers of the nose will be got, and 
those parts which are lined by ordinary epithelium may be dis- 
tinguished from those which bear sensory epithelium. The large 
veins wiU probably still contain some blood, especially if the 
animal has been killed by chloroform, and the neck hgatured 
above the line of decapitation. The blood will be coloured 
red by the eosine. At each side of the lower part of the 
nasal septum will be seen the organ of Jacobson, appearing on 
cross section as an oval opening, compressed from side to side. 
On its inner side the epithelium is similar to that on the olfac- 
tory mucous membrane, but its outer side has ordinary dliated 
cells. Some acinose glands open into the tube, specially at its 
lower angle. The incisor teem are very beautiful objects. In 
rodent animals these teeth, like hairs, are always growing. On 
their upper aspect will be seen the regular columnar cells, which 
are destined to form the enamel. On the lower surface this 
is absent, and the dentine wUl be seen firmly attached to the 
bone by strong fibrous bands. 

Such a section is most instructive, in conseauence of the 
numerous objects included in it, as muscle, glands, nerves, 
vessds, epithelium of various kinds, bone, cartilage, teeth, hairs^ 
Sec. It furnishes a valuable exercise in microscopic diagnosis. 
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CHAPTER XX. 

THE ORGANS OT TASTE. 
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"^Eacr? 'F^inZf^!'^'^ and epiglottis*: 

placed vSly ?r "Sbff ?°^^ ^^^« '°°^ «>« •« 
small end reaches ?h«f*^"^'? *° *•>« surface: one 
tbe basemS membmnlf '"""LT' *^ °*^«^ ^««ts on 
organ are surrSed^v.lT^''^^''* ''^«« of the 
compound scal^'^^ffJ^J^^ ^^^^^^ cells of the 

-oneTattSlp?nS"h^"1f'.»'««"« «« f°«nd 
at its lower part P and ;„„£•• ^"^'J"^'»^'3' ^'^nched 
nucleus. ThrotLr f containing a round or oval 
rounded bv a L^i. "^ possesses an oval nucleus sur- 

the middle nar?^^?r^*\V'°^P™*°Pl^'»- ^om thL 
off. OneeX^H ^^^ cell two processes are given 

in a tS tod^t^T'^''^^ ^l"^^^^' ^d termilates 
free end ofTheasL^/i'^J*^' "^^'^^ Projets from the 
and Dass*.« f« !k J °^- ^^® °*^®'' '« much thinner 
someHmi; i? •*i'® '^^^P ®°^ o^ tl»e organ, where it 
thuot, »-i""*^^' ^"^ •« believed to become con 
tmuous with a nerve fibril. These latter cells a^^ 
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the sensory epithelium. The others are supporting 
cells. Among the former certain varieties have been 
described (Schwalbe. Krause). The two kinds of 
cells are generally supposed to be so arranged that 
the supporting cells form a sheath, something like 
the calyx of certain flowers, in the interior of which 
the sensory cells are contained, like the stamens and 
pistil. The outer end of the calyx opens on the sur- 
face by a narrow pore, through which project for a 
short distance the rod-like extremities of the sensory 
cells. Ranvier has, however, shown that in the 
interior of the taste-bud sensory and supporting cells 
lie side by side, forming an arrangement much more 
like that met with in the olfactory and other sensory 
epithelia. 

Merves, branches of the glossopharyngeal, can be 
traced to the taste-buds ; and it has been stated by 
some observers that the fibrils become continuous 
with the sensory cells. Atrophy of the taste buds 
has been observed to follow sections of the glosso- 
pharyngeal nerve. Large Teins exist in the interior 
of the papillae supplied with taste organs. It has 
been supposed that a spefcies of erection of these 
papillae occurs and favours the acuteness of the per- 
ception of sapid impressions. 

Underneath these papillae are situated serous 
glands, whose watery secretion is supposed to 
wash away matters from the epithelium, and so to 
prevent the too long continuance of any sensation. 

I. The papilla foliata on the rabbit's tongue is the best place 
to see the taste-buds. This papilla forms an oval patch on each 
side of the posterior part of the tongue. It is not raised above 
the surface, but its limits are very clearly defined by its structure ; 
its surface being marked by fine parallel ridges. 

The papilla is carefully removed from the tongue of a recently 
killed ammal and placed in diluted Miiller's fluid, or dilute 
alcohol for two or three days. Scraping from the surface may 
then be isolated in water, stained in picrocarmine, and mounted 
in glycerine. 

The ceUs of the different layers of the ordinary scaly epithe- 
lium will.be seen. Some of the superficial scaly cells will be 



THE ORGANS OF TASTE. 309 

met, which have a deep notch in one edge, or are perforated 
by a round hole. These are cells which bordered the superficial 
end of a taste-bud. The flattened spindle-shaped supporting 
cells will be readily seen. The delicate sensory cells are more 
difficult to get perlect. 

2. The fresh papilla foliata is hardened in chromic acid and 
spirit for a week ; then washed and placed in alcohol. 

Sections should be made perpendicularly to the surface and 
at right angles to the ridges ; logwood ; balsam. Each ridge, 
seen in section, presents three elevations of the mucous mem- 
brane embedded in the epithelium. The central one is highest, 
and contains in its interior a large vein. On the outer sides of 
the two lateral elevations are seated the taste-buds. They 
will be seen, lying from above downwards, in series of from two 
to four on the sides of the ridges. 

Under the papilla wiU be seen the serous glands which lie 
among the muscular fibres and whose ducts open between the 
ridges. 
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CHAPTER XXL 

THE NERVE CENTRES. 

The nerve centres, consisting of the brain and 
spinal cord, are covered by certain sheaths, or mem- 
branes, formed of connective tissue. These are 
three in number. 

The most external is called the dura mater* It 
is composed of firm fibrous tissue, the bundles of 
which cross each other in the cerebral part, but in 
the spinal canal run mostly parallel to one another 
and to the cord. Between the bundles is a system 
of juice canals, which contain the flat connective- 
tissue cells, and which open by stomata on the 
outer and inner surfaces of the membrane. In the 
spinal canal the outer surface of the dura mater is 
free, and is covered by a continuous layer of endo- 
thelium. In the cranium there is a close attachment 
between the bone and the dura mater at the base, 
and at the convexity along the sutures. Elsewhere 
an interval exists between the bone and the outer 
surface of the dura mater, and corresponding to this 
interval, the dura mater is covered externally by 
endothelium. The space superficial to the dura 
mater is called the epidural spaee* 

The dura mater is supplied by blood-vessels from 
the meningeal arteries. In the cranium the capil- 
laries of the inner part of the membrane are in parts 
dilated into ampullary spaces. 

Nerve twigs from the fifth and hypoglossal, as 
from the S)nnpathetic, go to the dura mater. They 
supply partly the walls of the vessels, but are in part 
distributed to the membrane itself (Alexander). 
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The inner surface of the dura mater is smooth, 
and is covered everywhere by endothelium. It forms 
the outer boundary of a space which Hes between it 
and the second membrane, or arachnoid. This 
space is called the subdural space. It is of a 
lymphatic nature, and communicates in its cranial 
part with the lymphatic vessels of the neck, and in 
the spinal portion with those of the back and loins. 
It also communicates with the lymphatic spaces 
contained between the perineural lamellae of the 
peripheral nerves and the lymph spaces which sur- 
round the olfactory, optic, and auditory nerves. 
Usually the subdural space contains only enough 
fluid to moisten its surfaces. 

The second membranous sheath of the nerve 
centres is called the araclinoid. It is an exceed- 
ingly delicate membrane, formed of fine bundles of 
connective tissue, which cross each other, leaving 
small interspaces. These, however, are closed by 
the endothelium, which covers both the outer and 
inner surfaces of the arachnoid. In the spinal canal 
the arachnoid lies close to the inner surface of the 
dura mater, separated from it by only a narrow sub- 
dural space, while there is a considerable interval 
between the inner surface of the arachnoid and the 
pia mater of the cord. This interval is called the 
subarachnoid space, and is traversed by the 
ligamentum denticulatum, and, chiefly in the pos- 
terior part, by bands and imperfect septa, formed of 
connective-tissue bundles, clothed by endothelium. 

In the cranium the arachnoid lies close to the 
convexities of the convolutions, separated here by 
only a very small quantity of tissue from the pia 
mater ; but while the pia mater dips into all the 
sulci, and is closely in contact everywhere with the 
surface of the brain, the arachnoid stretches across 
from one convolution to another, and, corresponding 
to the depressions between them, is separated by a 
considerable interval from the pia mater. This in- 
terval, or subarachnoid space, is occupied by a loose 
spongy tissue, formed of connective-tissue bundles, 
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clothed by endothelium, and continuous on the one 
hand with the deep surface of the arachnoid, and on 
the other with the superficial aspect of the pia mater. 
This tissue is called the snbaracbnoid tissue. 
In places, as around the medulla oblongata, at the . 
base of the brain, and above the corpus callosum, 
the subarachnoid space is much dilated, and forms 
enormous sinuses, which all communicate freely 
with one another, and with all the other parts of the 
cerebral and spinal subarachnoid space, which thus 
forms but one continuous cavity. 

This cavity communicates also with the intra- 
ventricular space of the brain by three openings in 
the region of the fourth ventricle. One of these 
openings is situated at the posterior angle of the 
fourth ventricle, and is called the foramen of Magen- 
die. The others are found, one at each lateral angle 
of the fourth ventricle. The subarachnoid space, in 
common with the ventricles, contains a large quan- 
tity of fluid, known as the cerebro-spinal fluid. 

There is no communication between the subdural 
and subarachnoid spaces, but the latter is continuous 
with the lymphatic spaces around the spinal nerves, 
with the lymphatics of the nasal mucous membrane, 
with the subarachnoid space around the optic nerve, 
and with the perilymphatic spaces of the internal ear. 

There can consequently be no doubt that the sub- 
arachnoid, like the subdural space, is a portion of 
the lymphatic system. 

On the outer surface of the arachnoid there are 
found in many places fungiform projections, which 
are known as Pacchionian granulations. They 
occur always in the neighbourhood of the venous 
sinuses, or large veins of the dura mater. They are 
most numerous along the sides of the superior longi- 
tudinal sinus, and are met with also along the straight, 
lateral, superior petrosal, and cavernous sinuses. 
Each granulation consists of a spongy tissue, con- 
tinuous with, and similar in structure to, the sub- 
arachnoid tissue, covered by the arachnoid membrane 
itself. At first sight it appears to project naked into 
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the cavity of the sinus, or vein with which it is in 
connexion ; but more careful examination shows that 
it is separated from the blood by a greatly thinned 
extension of the dura mater, and^by a narrow interval, 
continuous, around the generally-constricted base of 
the granulation, with the general subdural space of the 
brain. Hence there are three layers of endothelium 
separating the blood from the interior of the Pacchi- 
onian granulation — 1. that of the venous sinus, or 
blood-vessel ; 2. that covering the inner surface of 
the dura mater ; and 3. that of the arachnoid itself, 
continued over the surface of the granulation (Wal- 
deyer). 

It has been found that an injection thrown into the 
subarachnoid space passes freely into the interior of 
the granulation and into its subdural space, but does 
not pass back, so as to fill the general subdural 
cavity. While an injection forced into this latter 
cavity flows freely into the subdural space of the 
Pacchionian granulation, but does not extend to the 
tissue of the granulation itself, or into the subarach- 
noid cavity. In both cases, however, the injection, 
whether forced into the subdural or subarachnoid 
space, passes into the venous sinuses through the 
granulation. Although, therefore, no anatomical pores 
are to be demonstrated in the membrane covering the 
granulations, it appears that fluids flow freely from 
the latter into the blood-vessels. It was found that 
the pressure of the subarachnoid fluid in the dog 
was slightly greater than that of the blood in the 
longitudinal sinus ; hence it is probable that in the 
Pacchionian granulations a sort of valvular arrange- 
ment exists, by which the lymphatic subarachnoid fluid 
can flow off by the blood-vessels (Key and Retzius). 

Waldeyer has found also, that injections forced 
into the subdural space pass into lacunae in the dura 
mater unconnected with the Pacchionian granula- 
tions, and thence into the blood. These lacunae are 
believed by some to be of a lymphatic nature, but 
are more probably widened blood capillaries. 
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The third membrane, or pia mater^ lies every- 
where in close contact with the surface of the brain 
and cord, and sends processes into these parts. On 
the spinal cord the pia mater consists of two layers. 
The outer layer is formed of longitudinally-arranged 
bundles of connective tissue, covered by endothelial 
cells, and is continuous by its outer surface with the 
trabeculae of the subarachnoid tissue. The inner 
layer, pr intima piae, is formed of bundles of fibrous 
tissue, running for the most part circularly, and 
crossing each other at acute angles. External to 
this on both surfaces is a network of elastic tissue, 
and the whole is covered both externally and inter- 
nally with endothelial cells. Pigment cells are some- 
times found in the intima piae, most commonly in 
the upper part of the cord. 

The blood-vessels run between the external and 
internal layers of the pia mater, and funnel-shaped 
extensions of the intima piae are continued along the 
fine vessels which penetrate the spinal cord, form- 
ing for them a loose adventitious coat, the spaces in 
which can be injected from the subarachnoid cavity* 
These are the so-called perivascular lymphatic spaces 
of the vessels of the cord. 

A fissure of a lymphatic nature exists between the 
two layers of the spinal pia mater. 

The pia mater of the brain consists of only one 
layer, which corresponds in structure to the intima 
piae of the cord. On the outer surface of this mem- 
brane the blood-vessels rajnify in enormous numbers, 
and it is only when they have become reduced to 
very small twigs, with the structure of capillaries, 
that they penetrate the substance of the convolu- 
tions. Here, as in the cord, they are accompanied 
into the nervous mass by extensions of the pria mater, 
whose meshes can be injected from the subarachnoid 
space. 

A space between the pia mater and the surface of 
the brain and cord has been described under the 
name epicerebral, and eplspinal space. Such 
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a space has probably no real existence. The spaces 
between the adventitious coats of the blood-vessels 
and the substance of the brain and cord, as well as 
the supposed lymphatic spaces surrounding the gan- 
glionic cells of these parts, are also artificial, and 
owe their origin to shrinking of the tissue during 
the process of hardening. 

The pia mater sends processes into the interior of 
the brain, between the inferior surface of the cere- 
bellum and the upper surface of the medulla oblon- 
gata, and through the great transverse fissure ofBichat. 
Each of these processes consists of two layers of pia 
mater, with interposed subarachnoid tissue. 

Connected with these are structures known as 
cboroid plexuses. They are fringe-like masses, 
formed of branching processes of connective tissue, 
containing a very abundant plexus of capillary 
vessels. They are covered by a layer of flat epi- 
thelial cells, which are part of the lining of the 
ventricles of the brain. The choroid plexuses are 
therefore not contained in the interior of the ventri- 
cular space. 

The pia mater is abundantly supplied with nerves, 
not only from the sympathetic, for the supply of the 
numerous blood-vessels, but also with cerebro-spinal 
fibres ; in the cord with branches from the posterior 
nerve roots, and in the brain from the 3rd, 4th, 5th, 
loth, and nth cranial nerves. 

Nerves have not certainly been demonstrated in 
the choroid plexuses. 

The nerve centres are composed of nerve fibres, 
ganglionic cells, and a peculiar supporting or connec- 
tive tissue called neuroglia. 

Tbe neuroglia is a tissue whose true structure 
is as yet but imperfectly understood. It contains 
very fine fibrils, which form an extremely delicate 
network, and which are commonly supposed to be 
closely allied to the fibres of elastic tissue (Gerlach). 

There are also, in some places much more nume- 
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rous than in others, peculiar cells with a small body, 
but with long branching processes. These cells 
vary greatly in shape, and are called from their dis- 
coverer the cells of Deiters. Ranvier has recently 
studied the jieuroglia cells, and finds that in their 
most developed form they consist each of a flattened 
protoplasmic mass, which contains the nucleus, 
rrom this come off long branching threads, which, 
however, are not mere extensions of the protoplasm, 
but consist of a substance different from this. They 
can be traced through the mass of protoplasm in 
which they axe merely embedded, but with whose 
substance they are not continuous. Besides these 
there are round or polyhedral cells, and branched 
cells whose processes are protoplasmic. According 
to Schwalbe, many of the cells of the neuroglia are 
merely wandering cells, such as are found in most of 
the tissues of the body. 

Between the cells and fibres is a substance which, 
in preparations prepared by chromic acid or its salts, 
or by alcohol, appears finely granular, but which in 
the fresh condition is structureless. This is com- 
pared by Schwalbe to the cementing substance 
which holds together the cells of epithelium, but 
its real nature must be admitted to be still doubtful. 

In parts, a very finely reticular substance occurs, 
such as was described in the reticular layers of the 
retina, and which, like this, resists artificial digestion. 
It is hence believed to be of a homy composition, 
and is called the homspongiosa of the central organs 
(Kiihne. Schwalbe). 

The neuroglia, composed of these elements, differs 
greatly in quantity and in consistence in different 
parts of the nerve centres. 

I.— 7%<? Sptnai Cord. 

The spinal cord varies greatly in thickness in 
different parts. It is largest in the cervical swelling, 
thinnest in the dorsal region, and of medium thick- 
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ness in the lumbar enlargement. Below this it thins 
to a point : this conical part is called the conus me- 
dullaris; it terminates in a thread, the filum terminale. 
All along the anterior surface of the spinal cord in 
the middle line a deep groove is seen. This is the 
anterior median fissure, and contains processes from 
the pia mater and blood-vessels. Opposite to this, 
along the posterior surface, is the posterior median 
fissure, which is not a true fissure, but merely one ot 
the extensions from the intima piae, already noticed. 
By the two fissures the cord is divided into lateral 
halves. Each of these is further divided by the exit 
of the nerve roots into an anterior, lateral, and pos- 
terior column: the first extending from the an- 
terior median fissure to the line of anterior nerve 
roots ; the second from this to the line of posterior 
nerve roots, and the third from the posterior roots 
to the posterior median fissure. Since the anterior 
nerve roots do not come off in a continuous line, 
but leave intervals between successive roots, in 
places there is no visible division between the 
anterior and lateral columns, and they are sometimes 
spoken of together as the antero-lateral column. 
Finally, in the cervical region a process of pia mater, 
extending into the cord at each side of the posterior 
median fissure, subdivides the posterior coliunn into 
an internal division, the funiculus gracilis or column 
of Goll, and an external, the funiculus cunealus, or 
column of Burdach. 

On a transverse section through the spinal cord 
we readily recognise the anterior and posterior 
median fissures, dividing the section into two 
symmetrical lateral portions, which are connected 
across the middle line by a narrow bridge. This 
bridge consists of the commissures. The anterior 
portion, which forms the floor of the anterior median 
fissure, is composed of nerve fibres, and is called the 
anterior or white commissure* The posterior 
portion, which forms more than half the entire depth 
of the commissure, is composed of grey matter, 
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forms the floor of the posterior median fissure, and 
is called the the posterior or grey eominlssare. 

About the middle of the grey commissure is seen an 
opening, whose shape varies in different parts of the 
spinal cord, and which is the cross section of a canal 
(the central canal), which runs the whole length 
of the cord, opens above into the fourth ventricle at 
its inferior angle, and below, after having passed 
through a dilatation in the lower portion of the 
conns, and which is called the Tcntricnliis termi- 
nallS) is continued into the filum terminate where it 
ends blindly. In young animals the canal is lined 
by columnar ciliated epithelium, but in the adult 
man it is frequently obliterated, either in its entire 
length or in places, by epithelial debris, or by a con- 
nective-tissue growth, its position being marked 
only by a group of nuclei. It is surrounded by a 
portion of so-called gelatinous substance, that 
is, a portion of grey matter mainly composed of 
neuroglia. When the epithelium persists, the at- 
tached ends of the cells are continued as fine threads 
among the fibres of the surrounding neuroglia. The 
gelatinous substance surrounding the central canal 
is spoken of as its ependyma* It is continuous 
with a similar layer of connective tissue which forms 
the boundary of the vertricles of the brain. 

The proper nervous portion of the grey commissure 
is separated by the central canal andits-ependyma into 
an anterior and a posterior division. These coalesce 
at the lateral portions of the commissure. Attached 
to them are two large masses of grey substance, one 
on each side. Each mass is of somewhat crescentic 
shape, with the concavity turned outwards, and occu- 
pies the interior of the lateral portion of the cord of 
its own side. The anterior extremity of each mass 
is more or less rounded, and never reaches the sur- 
face of the cord. The posterior extremity is pointed, 
and is everywhere connected with the surface either 
by nerve roots, blood-vessels, or connective tissue. 
These extremities are called, respectively, the an- 
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terior and posterior horn of grey matter. 

Since the anterior nerve roots come off from the an- 
terior, and the posterior roots from the'posteriorhom, 
these horns divide the section into its three columns 
on each side ; and since the anterior roots run an ob- 
lique course from their entrance into the cord to 
their origin in the grey matter, they are never cut 
in their whole length by a transverse section. Hence 
the separation between the anterior and lateral 
column is in such a section always incomplete. 

The size and shape of the lateral grey masses 
vary greatly in different parts of the cord. The 
amount of grey matter in any part is always directly 
proportional to the size of the neive roots given off 
by this part. Consequently it is greatest in the lum- 
bar, least in the dorsal, and of medium amount in 
the cervical portion. 

From the concave or outer side of each grey mass 
processes extend into the lateral white column, 
and, specially in the upper portion of the cord, 
appear as a network, . in the meshes of which lie 
sections of the nerve fibres of the white substance. 
These processes are called the processus retlcn- 
larls* In the cervical and upper dorsal regions a 
triangular-shaped process of grey matter protrudes 
from the outer and posterior part of the anterior horn 
into the lateral column, anterior to the processus reti- 
cularis. It is called the tractns intermedio-la- 
teralis, and is sometimes spoken of as the lateral 
horn. 

The grey substance, consisting of the two 
lateral masses united by the grey commissure, has 
on cross section the shape of the letter H. It 
is composed of neuroglia, and a very great num- 
ber of nerve fibres of extreme minuteness, and 
which for the most part want the white substance of 
Schwann, although medullated fibres are much more 
numerous than was formerly supposed. Its most 
distinguishing characteristic, however, is the presence 
of ganglionic nerve cells. These cells differ 
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greatly in size, shape, and number in the different 
portions of the cord. They are largest in the an- 
terior horns, where they have the following structure. 
The body of the cell contains a large spherical nucleus 
in the interior of which is a distinct nucleolus. There 
is also very frequently a mass of yellowish-brown pig- 
ment contained in the body of the cell. From the 
body come oflf a large number of processes, which 
extend chiefly in a horizontal direction. These 
processes are of two kinds: one process of each 
cell does not branch, but runs forwards, and, being 
soon clothed with white substance, becomes a perfect 
nerve fibre, and passes as such into one of the anterior 
nerve-roots. All the other processes divide and sub- 
divide, until an enormous number of most minute 
threads result. These form a considerable part of 
the fibres of the grey matter, but their course and 
attachments are still only a matter of conjecture. 
The unbranching process of the cell is called the 
axis-cylinder process, the others the proto- 
plasmic processes* Both the processes and the 
body of the cell itself have a more or less distinctly 
fibrous structure. The cells in the anterior horns 
lie in groups, but in most parts of the cord these are 
badly defined. 

The cells in the tractus intermedio-lateralis, and 
those which lie in the processus reticularis, resemble 
the cells of the anterior horn. In the posterior horn 
the cells are for the most part smaller, fewer, and 
less branched, and do not lie in groups. It is not 
known that they have two kinds of processes, but it 
cannot be positively affirmed that they have not. 
Nothing certain is known of their attachments. 

A remarkable tract of grey matter, consisting of 
nerve fibres and large multipolar cells, is found in 
the dorsal and upper lumbar regions of the cord. It 
lies on each side posterior and external to the central 
canal, in the root of the posterior horn, and separated 
by only a small part of this from the posterior white 
column. It presents on transverse section a well- 
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defined rounded figure. It is known as the pos- 
terior Tesieular eolamn of Clarke. The 

cells are somewhat spindle-shaped, and branch 
chiefly up and down. These cells would appear to 
possess axis-cylinder processes which have been 
traced into a tract of nerve fibres lying on the sur- 
face of the posterior part of the lateral column, and 
called the direct cerebellar tract (Pick). 

The apex and sides of the posterior horn are 
covered by a substance consisting mainly of con- 
nective tissue, and which on transverse section has 
a V shape. This is called the ffelatlnoas sub- 
stance of Rolando. It differs from the connec- 
tive tissue about the central canal in containing 
nerve cells. 

The surface of the spinal cord is covered by a layej 
of neuroglia, which sends processes into the white 
matter. 

The white substance of the cord is composed 
of medullated nerve fibres, which, however, have no 
neurilemma, but are supported merely by the neuro- 
glia which lies between them. It is not known that 
they have nuclei or Ranvier's constrictions. 

The greater number of the fibres run in the 
length of the cord, and, consequently, on cross sec- 
tion of this appear cut transversely. The axis cylin- 
der appears as a small point surrounded by a clear 
space, the section of the white substance of Schwann. 
The fibres vary greatly in diameter : those in the an- 
terior columns are nearly all thick, and those in the 
posterior columns nearly all very fine ; while in the 
lateral columns thick and thin fibres are mixed. 

In the anterior commissure the fibres run 
nearly horizontally, that is in the plane of the section. 
They pass apparently from the anterior horn of one 
side to the anterior column of the opposite. 

The anterior nerire roots are composed of 
thick fibres. They pass from the anterior horns in 
bundles downwards, forwards, and outwards, through 
the white matter to leave the cord. It is certain that 

Y 



322 MANUAL OF HISTOLOGY. 

some of their fibres are directly connected with the 
axis-cylinder processes of the nerve cells of the an- 
terior horns. That all their fibres are so connected 
is not certain, but highly probable. 

The posterior nenre roots consist of fine fibres. 
They enter the cord as compact bundles, but soon 
break up into several smaller bundles, which divide 
and anastomose. Some of the fibres pass directly into 
the posterior horns, where many of them, before ter- 
minating, turn round and run for some distance up- 
wards, and perhaps downwards in the cord. Others 
pass into the outer part of the posterior columns, 
where they ramify, often for a considerable distance 
upwards or downwards, before they finally turn out- 
wards to enter the side of the posterior horn. Of 
the further course of the posterior roots in the cord 
nothing certain is known, at least of an anatomical 
nature. 

In the upper part of the filam terminale 
the continuation of the central canal is surrounded 
by gelatinous connective tissue, and some nerve 
fibres running longitudinally. There are also some 
cells, presumably of a ganglionic nature. About the 
middle of the filum the central canal ends, and 
beyond this the filum terminale consists only of 
pia mater enclosing blood-vessels, connective tissue, 
and a few nerve fibres. 

Microscopic examination of the adult spinal cord 
has thrown little light on the eourse of the 
fibres in this organ. Whatever knowledge is pos- 
sessed on this subject has been gained by physio- 
logical experiment, combined with pathological and 
embryological research. By these means it has been 
ascertained that the white matter, which appears, 
when examined by ordinary methods, to be one 
whole, consists of several distinct tracts, which are 
developed at different periods, which undergo mor- 
bid changes separately, and which subserve very 
different functions. Some of these tracts vary in 
size in the different parts of the cord, increasing 
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and diminishing in the same ratio as the grey matter 
and the nerve roots. Others increase in size steadily 
from below upwards. These latter are found chiefly 
in the internal part of the anterior columns bordering 
the anterior fissure, in the posterior part of the lateral 
columns, and in GolFs columns. These tracts are 
so considerable that, taken as a whole, the white 
matter of the cord increases continuously from 
below upwards. Of the two classes of white tracts 
of which we have spoken, those that vary with the 
grey matter are most probably commissural between 
different parts of the cord itself, while those which 
increase from below upwards join portions of the 
cord with the brain. 

That any fibres of the anterior nerve roots pass to 
the brain directly, that is, without entering into con- 
nexion with cells in the spinal cord, is highly im- 
probable. It is true that the depth of the anterior 
commissure varies directly with the size of the 
anterior nerve roots ; but the fibres in the latter are 
thicker than those in the commissure, so that a 
direct passage of one into the other is, to say the 
least, unlikely. We have good reason for believing 
that the fibres of the anterior nerve roots all arise 
from the axis-cylinder processes of the large cells 
of the anterior horn. The conductors from the 
brain must therefore enter into connexion with these 
cells by their protoplasm processes ; but this con- 
nexion, although a reasonable matter of belief, has 
not been anatomically established. 

As to the posterior nerve roots, we are in a still 
worse condition of ignorance, for we do not know 
even their proximate termination in the cord. Since 
the grey commissure varies in depth with the size of 
posterior roots, it is possible that a decussation of 
posterior root fibres takes place, and there is physio- 
logical evidence to support such a view; but whether 
this occurs before or after the root fibres have 
entered into connexion with nerve cells we know 
not. We know, however, that while the anterior roots 
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pass directly into the grey matter, a great part of the 
posterior roots pass upwards and downwards in the 
outer part of the posterior white columns before 
entering the posterior horns. These roots form a 
large part of the posterior columns, and in disease 
affecting these columns we have evidence of this in 
the disturbances of sensation which manifest them- 
selves both as anaesthesia and as pain. 

The spinal cord is abundantly supplied with blood- 
vessels. The grey substance is far more vascular 
than the white. 

1 1 . — Cerebellum , 

It would be impossible, in such a work as this, to 
describe in detail the complicated structure of the 
medulla oblongata and basal parts of the brain. A 
brief description of the grey matter which forms the 
cortex of the cerebellum and of the cerebrum is all 
that can be attempted. 

The peculiar lamellated structure of the peripheral 
parts of the cerebellum is too well known to require 
any notice. On a vertical section the grey substance 
on the surface can be seen with the naked eye to 
consist of two layers — an inner, of a reddish colour, 
the so-called rust-coloured layer ; and an outer, of a 
pure grey colour. Between the two is a fine white line. 

1. The inner layer is composed mainly of what 
appear at first sight as naked nuclei, but which are 
really cells, as each nucleus is covered by a thin layer 
of protoplasm. These cells lie very closely together, 
the interspaces being occupied by neuroglia, blood- 
vessels, and a network of fine nerve fibres. It is 
most probable that the minute cells, jor granules, as 
they are called, of which this layer is composed are 
in part small ganglionic cells, and in part belong 
to the connective tissue. It is, however, not easy to 
say of any particular cell what its real nature is. 

2. Exterior to the rust-coloured layer is a single 
layer of large multipolar ganglionic cells — the eells 
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of Pnrkinje. Each cell is flask-shaped, and con- 
tains a large nucleus and a nucleolus. From its inner 
end there comes off a single process, which is un- 
branched. It passes into the inner layer, and is 
soon lost among the granules. It is generally con- 
sidered as the axis-cylinder process of the cell, and 
is found to assume a coat of white substance, and so 
to become a nerve fibre. From the outer end of the 
cell there comes off usually a single process, which 
soon divides into two, but sometimes two branches 
come off directly from the cell. These primary 
branches extend towards the surface into the outer 
layer, dividing and subdividing until the resulting 
fibrils are reduced to the most extreme minuteness. 
The termination of these fibrils is, like that of the 
fibrils resulting from the branchings of the proto- 
plasm processes of the cells in the cord, very uncer- 
tain. They are generally lost from view when they 
have attained a certain degree of fineness. According 
to some observers, they become continuous with mi- 
nute ganglionic cells in the outer layer ; and, accord- 
ing to others, they bend back into the inner layer, and 
become axis cylinders of nerve fibres. The branch- 
ing of Purkinje*s cells takes place only in a single 
plane — namely, transversely to the course of the 
white lamellae of the arbor vitae ; so that the branch- 
ing is seen only in sections, which are parallel to the 
course of the white fibres in the central stalk of the 
lamellae. The long axis of the cell and its branches 
generally are directed perpendicularly to the surface. 
These points must be borne in mind when making 
sections of the cerebellum. 

3. The outer layer is called the pure grey layer, 
or molecular layer, because it is composed mainly of 
a substance which, in ordinary preparations, presents 
a finely granular or molecular appearance. In this 
are contained, besides the branchings of Purkinje's 
cells, small irregularly-shaped cells, scattered without 
order. Their real nature is uncertain. Very fine 
nerve fibres also occur. 
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Passing in from the surface are connective-tissue 
fibres, which at their outer ends are attached to the 
pia mater by an expanded base, somewhat resembling- 
the termination of Mailer's fibres in the membrana 
limitans interna of the retina. 

It is probable that the greater part of the molecular 
layer of the cerebellum is composed of neuroglia. 
Numerous vessels pass perpendicularly into the grey 
substance from the surface. The white substance of 
the cerebellum is composed of fibres, which are finer 
than those of the spinal cord, and, like them, want a 
neurilemma. 

III. — Cerebrum* 

The grey substance of the cerebral cortex is pene- 
trated everywhere from its deep surface by bundles 
of medullated nerve fibres, which pass into it at right 
angles to the line of junction of the grey and white 
matters. These bundles can be traced a little more 
than half way to the surface, where they are lost. It 
has, however, been recently shown that medullated 
fibres, in much larger number than was supposed, 
exist in all layers of the cortical substance, even up 
to the very surface (S. Exner). 

Between the nerve fibres are placed the ganglionic 
cells embedded in neuroglia. The cells are very nu- 
merous, and lie in several superposed layers. Different 
divisions of these layers have been proposed. That 
which is generally received, and which corresponds 
best with what is seen in most convolutions, is the 
classification of Meynert into five layers. These 
are, reckoning from the surface — i, a layer contain- 
ing few or no nerve cells, but consisting of nerve 
fibres, many of which run parallel to the surface ; and 
of neuroglia ; 2, a layer of small, closely-placed, pyra- 
midal cells ; 3, a much broader layer of large, less 
closely-placed pyramidal cells ; 4, a layer of small, 
closely-placed, irregularly-shaped cells ; 5, a layer of 
spindle-shaped cells, whose long axes are parallel to 
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the surface. The first three layers are very distinct ; 
the two inner less so. 

The greater number of the cells of the cortex of the 
cerebrum have a pyramidal shape. They lie so that 
the apices are directed towards the surface. From the 
apex of each there comes off a single process, which 
can often be followed for a great distance, and which 
sooner or later branches. From the base a central 
process comes off, which does not branch, and which 
is supposed to be the axis-cylinder process, and des- 
tined to become a medullated nerve fibre. From 
the peripheral portions of the base several processes 
arise, all of which branch, and, like the apicial process, 
form a maze of minute fibrils, which it is impossible 
to follow to their terminations. 

The body of the cell contains a large oval nucleus, 
and in the larger cells frequently a mass of brown 
pigment granules. In the deeper parts of the third 
layer are found groups of extremely large pyramidal 
cells, known as giant cells. They are most numerous 
in those parts of the cortex that are believed to have 
motor functions — namely, the two ascending convo- 
lutions and the paracentral lobule. 

By certain methods of preparation tracts of nerve 
fibres can be seen running through the grey matter 
parallel to the surface. One occurs in the outer part 
of the third layer, and another near its inner boun- 
dary. They are known as the tracts of C^ratiolet* 
Although the five layer type is the most general, in 
some convolutions other arrangements exist. In the 
occipital lobe Meynert describes eight layers, for the 
most part alternations of layers of pyramidal and 
irregular-shaped cells. In the hippocampus major 
large pyramidal cells predominate ; and, in the claus- 
trum, spindle-shaped cells. 

Besides the nerve cells and fibres, much connective 
tissue (neuroglia) exists in the grey matter, and its 
numerous nuclei must not be confounded with those 
of the ganglionic cells. The latter are, as a rule, 
larger, and stain less deeply. 
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The blood-vessels pass in perpendicularly from 
the pia mater, and, branching at right angles, form 
a very abundant capillary plexus in the grey matter. 
They are surrounded, near their entrance, by funnel- 
shaped prolongations from the pia mater. These 
are the perivascular l}Tnphatic sheaths ; they com- 
municate freely with the subarachnoid cavity. There 
are no proper lymphatic vessels in the brain or spinal 
cord. 



A fresh spinal cord^ human, dog, cow, sheep, is carefully 
removed, and cut into pieces not more than one inch in length. 
It is well not to completely separate the pieces, but to leaye 
them attached by the pia mater on one side, so that the relative 
position and the portion of the cord to which each piece belongs 
may afterwards be known. The whole cord is suspended in a 
large quantity of two per cent, bichromate of ammonia, which 
should be changed on the second day, and again before the end 
of the week. After a month, remove the cord from the bichro- 
mate, and wash in water until all yellow colour is removed ; 
then place in alcohol, which must be changed two or three 
times at first. 

Instead of bichromate of ammonia, Muller's fluid maybe used 
to harden the cord. It requires four to eight weeks. The fluid 
should be used in large quantity and frequently changed. When 
sufficiently hardened, the cord should be washed, and preserved 
in spirit until required for section. The process of hardening 
may be much shortened if it be carried out at the temperature 
of 30"-4O° C. Muller*s fluid will harden sufficiently in eight to 
ten days at this temperature (Weigert). A still more rapid 
hardening may be effected by the solution employed some years 
ago by Erlicki, and lately again recommended by Weigert. It 
consists of bichromate of potass. 2^ ; sulphate of copper, 4 ; 
water, 100. It hardens, at ordinary temperatures, in from eight 
to ten days ; at 30'*-40° C, in four days. 

I. Transverse section^ best made with a microtome. 
Stained in a solution of neutral carminate of ammonia or in 
cochineal. The stained sections are mounted in balsam. 

It is unnecessary to recapitulate the objects which a transverse 
section of the cord presents for observation. They will be readily 
recognised from the description already given. 

Transverse sections of different parts of the human cord should 
be examined, in order to see the differences in the amount of 
white and grey matter, and the varying shape of the latter in the 
different regions. Also lonir^^™d^>iA^ sections^ of which 
the following are most instructive : — 
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a. A frontal section, i.g. in a plane from side to side, passing 
through the anterior or white commissure. In the middle the 
decussating fibres of the commissure will be seen. External to 
these is on each side the posterior part of the anterior horn of 
grey matter. Outside all the lateral white columns. 

b. A section running in the plane of the passage of an 
anterior root through the anterior column. The oblique course 
of the root fibres and the anterior horns will be seen. 

c. One through the outer part of the posterior column, to 
show the passage up and down of the posterior root fibres 
before they pass into the grey matter. 

2. To isolate the nerve cells, the best method is that of 
Gerlach. The spinal cord of a cow is to be preferred, in conse- 
ciuence of the large size of the cells of the anterior horn. This 
is so great that, when stained, they can be seen with the naked 
eye as red points. From the fresh cord as thin sections as 
possible are made with a razor, and placed in a solution of 
bichromate of ammonia i to 5,000-10,000 water. They are left 
in this for two or three days, then washed, and placed for twenty- 
four hours in dilute carmine solution, and then washed again. 
With the point of a knife small pieces are dug out of the 
anterior horn, and carefully teased on a slide, on which there is 
barely enough fluid to keep the preparation moist. The teasing 
should be done under a dissecting microscope, or after every few 
touches of the needle the object should be examined with a 
low power. It is not very difficult to get well-isolated cells ; 
but tne axis-cylinder processes are apt to break off close to the 
ceUs, at which place they are very thin. In putting on the 
cover-glass, on which there should be a small drop of glycerine, 
all the processes are apt to get twisted around the body of the 
cell, and the appearances of the object are thus destroyed. 
This is best avoided by covering the object only after it has 
been allowed to dry on the slide to such a degree that it 
adheres slightly to the glass. 

Maceration of small pieces of the cord for ten to fourteen 
days in one -tenth per cent, solution of osmic acid, and then 
for some time in dilute glycerine, allows the cells to be well 
isolated. It is not necessary to stain them. They are to be 
mounted in glycerine. 

3. A good method for isolating the cells of the neuroglia, and 
which serves also for the nerve cells, has been recently described 
by Ranvier. Pieces of the fresh cord, or brain, are placed for 
twenty-four hours in one- third alcohol (rectified spirit, i ; 
water, 2). Fragments are then removed from the macerated 
organ, and shaken in a test-tube with distilled water. By this 
the cells are separated. Some picrocarmine is added to colour 
them. They are next allowed to settle to the bottom of the 
tube, from which they are removed with a pipette, and trans- 
ferred to another test-tube containing very dilute osmic acid 
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solution. As they settle through this fluid they become fixed 
and hardened, so that their shape and structure are well pre- 
served. When they have deposited they are again taken up 
with the pipette, placed on the slide, and mounted in glycerine. 

The cerebellum and cerebrum are to be hardened in bichro- 
mate of ammonia, as was directed for the cord. Muller's fluid, 
or Eriicki's solution, gives good results. 

4. Vertical section of the cortex of the cerebelluin parallel 
to the white stalks of the leaves of the arbor vitae ; carmine ; 
balsam. A very good stain for the cerebellum and other nerve 
centres is aniline blue-black (Sankey) ; it is best used in alco- 
holic solution, made according to the following formula ; — 
aniline blue-black, i decigram ; water, 4 cc. ; dissolve : add 
rectified spirit 100 cc. This solution must while acting be kept 
covered, to prevent evaporation. It dehydrates at the same 
time as it stains, so that, before placing the sections in oil of 
cloves, they need only be washed in spirit. If the section is 
over- stained, the excess of colour is readily removed by alcohol. 
Prolonged action of spirit removes all the colour. 

A mixture of logwood and aniline blue -black gives good 
results. Logwood stains the granules of the inner layer in- 
tensely, but has only slight effect on Parkinje's cells : these are 
stained by the aniline. 

5. Isolation of Purkinje's cells may be effected by the same 
methods as those employed for isolatmg the cells of the cord. 

6. Vertical section through the cortex of the eerebram* 
The human brain is best, and the upper portion of the ascending 
convolutions are to be preferred. Carmine or aniline blue- 
black; balsam. 

The layer on the surface without ganglia. The layer of 
small pyramidal cells and the broad layer of large pyramids are 
distinct. The two inner layers less so. Groups of giant cells 
occur in the third layer. The blood-vessels will be seen passing 
vertically in from the surface, surrounded by their perivascular 
sheaths of pia mater. 

7. Isolation of nerve cells by the same methods as those 
given under 2 and 5. 

In ordinary balsam preparations the course of the fibres in 
the grey matter is indistinct, and there can be no doubt that a 
great deal of what appears as ' finely granular ' matter consists 
really of fibres. 

8. The following method, when successful, enables the fibres 
and cell processes to be admirably seen. A thin section of the 
hardened brain, or cord, is placed in alcohol for at least ten 
minutes ; the excess of alcohol is removed with filter-paper ; the 
section is then placed in xylol until it begins to become trans- 
parent, when it is rapidly covered in balsam (Merkel). The 
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axis cylinders appear as dark and very distinct lines in the 
section. Preparations of the cortex of the cerebrum made by 
this method are of great beauty. Unfortunately they do not 
keep. After some time they become transparent throughout. 
Xylol of commerce is not an imiform substance. A certain 
relation must exist between the strength of the alcohol and the 
xylol used. This can be arrived at for each specimen of the 
latter only by trial. If the sections become too transparent the 
alcohol is too strong; if not transparent enough, it is too 
weak. 

Of the other methods for showing the large number of 
medullated fibres in the grey matter of the nerve centres, the 
two following are the best : — 

9. Small pieces, not larger than a cubic centimetre, of the 
fresh organ are placed in at least ten times their volume of one 
per cent, osmic acid solution. This is changed after two days, 
and again a few days later. After five to ten days the pieces 
are removed, washed for a short time in water, placed for a few 
seconds in alcohol, and then embedded in the usual way in the 
wax and oil mass. Very thin sections are made with a micro- 
tome, and immediately placed in glycerine. From this they are 
transferred to the slide, on which a drop of solution of caustic 
ammonia has been placed. This softens the homy matter 
(neurokeratin) of the neuroglia, and makes it quite trans- 
parent. It makes the section very soft, so that great care is 
required in appljdng the cover-glass, which should be supported 
at the edges by bits of paper. 

In sections of the grey matter of the cerebral cortex treated in 
this way the ganglionic cells are scarcely visible, but a sur- 
prising number of medullated nerve fibres are seen in all the 
layers, and, in consequence of their blackness, they present 
themselves with the most admirable distinctness (Exner). 

In this method the most important step is the application of 
the ammonia. The strong liquor ammonise of the Pharmacopceia 
is too strong ; it almost instantaneously reduces the section to a 
semi-fluid consistence. The exact degree to which the ammonia 
should be diluted cannot be foretold in each particular case, but 
it can readily be determined by a few trials. These preparations 
are difficult to preserve permanently. They very soon spoil. 

10. Portions of the nerve centres are hardened in Miiller's^ 
fluid, or Erlicki's solution. After removal from the chromate 
solutions they must not lie too long in alcohol. So long as they 
retain a brown colour they may be used, but once they nave be- 
come green they cannot be prepared by this method. 

Thin sections are cut with a microtome, and placed for some 
hours in a saturated watery solution of acid fuchsin.* Removed 



* This, as well as other aniline dyes, can be had retail and of 
good quality from Messrs. Becker & Co., 34, Maiden-lane,. 
Covent-garden, London. 
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from this, they are washed in water, and transferred to a solu- 
tion of caustic potash in alcohol. This solution is prepared as 
follows: — To I CO cc. absolute alcohol one gram fused caustic 

Eotash is added, and left twenty- four hours, until the alcohol 
as dissolved as much as it will. Of this strong alkaline solu- 
tion lo cc. are added to lOO cc. alcohol. In uiis more dilute 
fluid the sections are placed and moved about until the grey 
substance appears distinctly lighter in colour than the white. 
Beyond this point they must not be left in the alkali. They are 
then placed in water, to remove the potash, and then trans- 
ferred to fresh water. If now the grey substance is seen to 
be evidently lighter than the white, the sections are dehydrated 
in alcohol, cleared in oil of cloves or xylol, and mounted in 
Canada badsam or dammar varnish. If, however, the difference 
of colour between the grey and white matter is not sufficiently 
marked, the sections must be put back into the alkaline potasn 
solution for a short time longer, then washed, and mounted as 
directed above (Weigert). 

The white substance of the medullated nerve fibres is stained 
red. In the grey matter a great abundance of such fibres is 
seen, and their distribution and course are extremely evident. 
The ganglionic cells are generally of a bluish colour, but they 
are made much more distinct if the section, before dehydration, 
is stained in logwood. 

With a little care this method is not difficult to carry out. 
It gives remarkably clear and instructive preparations. 
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CHAPTER XXII. 

DUCTLESS GLANDS. 

There are a number of organs of whose structure 
little is known, and of whose functions we are entirely 
ignorant. These organs are called ductless glands. 
It is supposed by Klein that they secrete something 
which is carried away by the blood-vessels or lym- 
phatics. The ductless glands are — i. the supra- 
renal bodies ; 2. the thyroid body ; 3. the anterior 
part of the pituitary body ; 4. the carotid and 
corccygeal glands ; and, perhaps, 5. the pineal 
gland. 

I. — Suprarenal Capsules, 

The saprarenal capsule consists of two parts, 
a cortical and a medullary. In men the former is 
usually opaque and yellow, in consequence of the 
quantity of fat contained in the cells, while the 
medulla is of a greyish semi-transparent appearance. 
Between the two is a line of a deep-brown colour, 
which is sometimes called the intermediate layer, 
and at this part softening occurs very rapidly after 
death, so as to cause a separation between the cor- 
tical and medullary portions. 

The whole organ is enclosed in a fibrous cap- 
sale which sends processes into the interior. These 
in the cortical portion enclose spaces which are 
filled by peculiar cells, resembling most closely 
epithelial cells, but whose real nature is extremely 
doubtful. In man the cells are roundish or polygonal ; 
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in some of the lower animals, more particularly the 
dog and horse, they are elongated. They very com- 
monly contain fat in large quantity. Usually the 
cells fill the space in which they lie, but sometimes 
indications of a central lumen are present. 

The cortex is divided into three zones by a 
difference in the shape of the cell masses. In the 
outer portion these are roundish or irregularly-shaped 
groups. This portion is called the zona glome- 
mlosa. In the middle portion, which is the thick- 
est of the three zones, they form elongated figures 
radially disposed. This is called the zona fascl- 
cnlata* In the innermost zone the cells again form 
irregularly-shaped groups or anastomosing cords. 
This is called the zona reticularis. In man the 
limit between this and the zona fasciculata is badly 
marked, although the cells in the former contain 
much brown pigment. In jnany animals the zona 
glomerulosa is absent, the long columnar-shaped 
cell masses of the fasciculata reaching to the surface 
of the organ. 

The fibrous septa of the cortex are continued into 
the medullary portion, and here are seen as 
fibres and membranes partially enclosing irregu- 
larly-shaped spaces, which communicate freely with 
one another. These spaces are occupied by cells 
which still have an epithelial appearance, but differ 
from those of the cortex in being much more delicate, 
in never containing fat, and in assuming a brown 
colour when placed in chromic acid or its salts. 
They are of very irregular and variable shape, some- 
times branched, and have frequently been compared 
to the cells of a nerve ganglion. It has been found 
that while the cortical portion of the suprarenal cap- 
sules is developed from the mesoblast, the medullary 
portion is derived from the sympathetic nervous 
system (Balfour and Mitsukuri). These observations 
have, however, recently been disputed by Janosik, 
who finds in mammals and birds that the suprarenal 
capsule has no immediate connexion with the sym- 
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pathetic nerve, but is developed close to the ovary or 
testis, and, like the sexual gland, mainly from the epi- 
thelimn of the pleuro-peritonaeal cavity. Gottschau, 
also, denies that the medullary portion of the supra- 
renal body has any genetic relation with the sympa- 
thetic nerve cord. He finds that the cortical portion 
is developed long before the medulla, and he arrives 
at the remarkable conclusion that in the mature 
organ the medulla is continually being destroyed in 
the formation of a secretion which is discharged 
into the veins, and is renewed by the inward growth 
and transformation of the inner portion of the 
cortex, while a new growth of cortical matter is 
always taking place at the surface immediately sub- 
jacent to the capsule. A perpetual growth thus takes 
place at the periphery, and a destruction at the 
centre, and the newly- formed parts pass gradually 
inwards, helping to form in succession the different 
layers of the cortex and medulla, until they are trans- 
formed into the secretion in the most central portions 
of the organ. 

The suprarenal capsules derive their very abundant 
Mood supply from various sources, directly from 
the aorta, and also from the phrenic and renal 
arteries. In the cortex the arteries break up into 
capillaries which surround the cell masses, and 
whose meshes correspond in shape with those of 
the latter. Since the greater portion of the cortex 
is occupied by the radiating zona fasciculata, the 
most of the vessels run a radial course, con- 
nected by numerous cross branches. In the medul- 
lary portion the vessels are wider, their walls very 
thin, and closely surrounded by the medullary cells. 
From these vessels, which may be looked on as 
venous capillaries or small veins, vessels with proper 
coats are formed, and coalesce to form the chief 
vein, which leaves the organ by its anterior surface. 

The nerves are very numerous, and consist both 
of medullated and non-medullated fibres. They 
form a plexus chiefly in the medullary portion, con- 
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nected with which are numerous ganglia. The ter- 
mination of the nerves is unknown. 

Klein describes lympli spaces between the cells 
of the cortex, which pass into sinuses between the 
cells and the fibrous tissue enclosing them. From 
this the lymph passes into true vessels with valves, 
which form a plexus in the capsule, and also in the 
connective tissue about the central vein. 



I. Human suprarenal capsule hardened in Miiller's fluid, and 
subsequently in alcohol. Sections perpendicular to the surface ; 
logwood or picrocarmine ; balsam. 

In balsam preparations the fat will have been removed from 
the cortical cells by the spirit and oil of cloves. 

Sections should be shaken in a test-tube, as was done in the 
case of the lymph glands. The cells will by this means be 
partially removed from the spaces in which they lie, and the 
shape of these spaces will be more evident. The shaken 
sections should be stained in logwood or picrocarmine, and 
mounted in glycerine. Some cortical cells ¥nll remain, and the 
fat will be seen in their interior. 

Sections of the suprarenal capsules of other am'mals should 
be examined. Also injected preparations in which the close rela- 
tion of the cortical and medullary cells with the blood-vessels 
will be seen. 

11.— Thyroid Body. 

The thyroid body is enclosed in a firm fibrous 
capsule* Processes from this pass into the organ, 
and divide it into lobes and lobules, and still finer 
septa bound the acini or alTCoii, which are hollow 
vesicles, lined by epithelium. They differ consider- 
ably in shape and size. They are round, oval, or 
branched. All have a membrana propria, or base- 
ment membrane, and a single layer of epithelial 
cells, which are columnar or cubical. Every acinus^ 
except the very small ones, has a cavity, or lumen» in 
its interior. This may be filled with a clear fluid, 
which coagulates in acetic acid and in alcohol. In 
adult animals the cavities are very commonly occu- 
pied and greatly distended by a viscid, yellowish^ 
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so-called colloid material. Fattily-degenerating epi- 
thelial cells, cholesterine, oxalate of lime, and blood 
are sometimes found in the glandular spaces. 

The blood-vessels are very numerous, and form 
a close plexus on the outside of the alveoli. 

The lympbatlcs commence as sinuses, lying im- 
mediately external to the alveoli. They open into 
lymphatic vessels, which have valves, and which 
accompany the larger blood-vessels, and are, like 
them, contained in the connective-tissue septa. 
Baber has found that the lymphatics frequently con- 
tain a fluid of the same character as that which 
exists in the alveoli. Hence the absorption by the 
lymphatics of matters formed by the epithelial cells 
and secreted primarily into the alveoli is probable. 

There is little known of the distribution of the 
nerves* They seem to be chiefly for the supply of 
the vessels. They are provided with ganglia. 

The thyroid of a child, hardened in Muller's fluid and alco- 
hol. Sections stained in logwood or picrocarmine; mounted 
in balsam. 

HI. — Pituitary Body. 

The pituitary body consists of two parts, which 
differ completely from one another, both in structure 
and origin. 

. The posterior lobe is a diverticulum from the 
floor of the third ventricle of the brain. It is con- 
tinuous with the infundibulum, and contains nerve 
fibres, connective tissue, and vessels. 

The anterior lobe is larger, and is derived from 
a portion of the epithelium of the pharynx, which is 
pinched off" from its attachment to the latter during 
foetal life. It consists of groups of epithelial cells, 
which are polygonal, granular, and differ a good 
deal in size. The groups are sometimes completely 
separated from one another by connective-tissue 
septa ; at others they form elongated masses, which 
communicate in a sort of network. The fibrous tissue 

7, 
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which separates the groups of cells is continuous 
with the capsule which surrounds both lobes. The 
blood-vessels and lymphatics run in this fibrous 
tissue. 

Human pituitary body. Hardened in Miiller's fluid and alco- 
hol. Logwood or picrocarmine ; balsam. 

Examine sections through the head of the embryo chick of the 
sixth or seventh day, to see the origin from the pharynx of the 
anterior portion of the pituitary body. 



IV. — Coccygeal and Carotid Glands, 

These consist essentially of small arterial vessels, 
which are here and there dilated into pouches, or 
form glomeruli. They are surrounded by a thick 
mass of cells, which have a somewhat epithelioid 
character. That these organs are glands in any 
rational sense of the word is more than doubtful. 
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I.— MEASURING OF MICROSCOPIC OBJECTS. 

Objects are measured by means of an eye-piece nticre- 

metei** This is a piece of glass with lines ruled on it at equal 
distances, and which is placed in the eye-piece so as to be in 
focus» and clearly seen. The lines appear always at the same 
distance apart, but the value of the intervals between the lines 
differs with each object-glass, and with each variation in the 
length of the tube of the microscope. It is best to determine 
their value once and for all for each object-glass with the tube 
pushed in and with the tube drawn out to its full extent. 

To make the determination a stag^e mieroiBeter is em- 
ployed. This is a piece of glass on which lines are ruled at a 
known distance apart, generally Yhs ™ni. The lines on the 
stage micrometer are brought into focus, and it is seen how 
many divisions of the eye-piece micrometer correspond to each 
division of the stage micrometer. Suppose each of the latter is 
equal to two of the former, then we know that the interval 
between every two lines of the eye-piece micrometer is equal 
with that object-glass and that length of tube to lyj^ mm. The 
stage micrometer is now removed, and the object to be measured 
is substituted for it, brought into focus, and observed through 
the eye-piece provided with its micrometer. The lines of this 
appear over the object, and we know the value of the interval 
between the lines. Suppose the object extends over four of 
these intervals, it then equals ^§7 or -^ mm. 

Once the value of the divisions of the eye-piece micrometer is 
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known for any object-glass and length of tube, further reference 
to the stage micrometer is unnecessary, but objects may be 
measured by the eye-piece micrometer, just as ordinary objects 
are by a foot-rule. 



n.— DRAWING MICROSCOPIC OBJECTS. 

It is of inestimable value to a microscopist to be able to draw 
accurately the objects which he sees. It is, however, just as 
difficult to make microscopic drawings as to draw ordinary 
objects, and it is not to be supposed that a person with na 
artistic training will succeed in producing good representations 
of objects as seen in the microscope. 

Microscopic drawings are usually made with the help of an 
instrument called a camei*» lacida^ which consists of one or 
more prisms fitted to the eye-piece, and so arranged that the 
object under the microscope and the table at the side of the 
instrument are seen at the same time. The image of the object 
appears projected on the table, and if a piece of white paper be 
placed on this, the outlines of the image can be traced with 
perfect accuracy. The details must then be filled in with what- 
ever artistic skill the operator may possess. 

Some practice is necessary in the use of the camera. The 
chief point to be attended to is the management of the hght. 
If the object is too strongly illuminated by light from the mirror 
of the microscope, the point of the pencil cannot be seen, while, 
if the light on the paper be too intense, the outlines of the 
image are obscured. It is best to work by artificial light, 
using, to Uluminate the object, an argand gas flame, which can 
be raised or lowered at will, while a candle placed near the 
paper will throw sufficient light on the pencil. 

in.— DETERMINATION OF THE MAGNIFYING 
POWER OF THE MICROSCOPE. 

A stage micrometer is focused, and by means of a camera 
lucida the lines are drawn on a piece of paper placed exactly ten 
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inches from the eye. The intervals between the lines thus 
drawn are measured and divided by the actual intervals between 
the lines on the micrometer ; the quotient gives the magnifying 
power of the system employed. Suppose the lines on the paper 
are i centimetres apart, while those on the micrometer are 
r^ millimetre, the magnifying power is 500. 

If the paper is placed nearer to the eye than ten inches, the 
lines on it will be closer to one another, and if further away they 
will be more widely separated than if the paper is exactly at ten 
inches. Consequently, in comparing magnifying powers it is 
always necessary to take the image as it appears at the same 
distance from the eye. In this country the distance is arbitrarily 
taken at ten inches, which is about the average distance at 
which small objects are distinctly seen. On the Continent the 
distance is usually taken at twenty-five centimetres. 

rV.— ENUMERATION OF BLOOD CORPUSCLES. 

The red corpascles are so numerous that it would be 
impossible to count them in undiluted blood. The first step is, 
consequently, to dilute the blood one or two hundred times. 
The dilution is usually effected in a graduated pipette, in the 
expanded part of which is a little free globule of glass, which, as 
the pipette is moved, falls about in the diluted blood, and helps 
to distribute the corpuscles evenly through the fluid. This very 
efficient instrument is known as the melang^ear Potaln* 

The diluting fluid must be of such a kind as not to dissoive 
the corpuscles, and not to distort them to such a degree as to 
make the distinction between the red and white corpuscles 
unrecognisable. A five per cent, solution of sodic sulphate is a 
good and easily prepared fluid for this purpose. 

The diluted blood is next introduced into a cell^ made by 
cementing a very thin ring of glass on a shde. This cell has, 
when covered with a cover-glass, a known capacity, and if the 
corpuscles contained in it (or a measured portion of it) are 
counted, and the number obtained multiplied by one or two 
hundred, according to the dilutioD, the number of corpuscles in 
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the corresponding volume of blood will be known. To facili- 
tate the counting, the floor of the cell is marked out in squares 
(Zeiss. Gowers. Hayem). 

Sometimes the counting is not made in a cell, but the diluted 
blood is introduced into an accurately calibrated caplllaFjr 
tube, and the corpuscles contained in a known length of this 
are determined (Malassez). A glass divided into squares is 
contained in the eye-piece of the microscope, in the position 
ordinarily occupied by the eye-piece micrometer. A quarter- 
inCh Qbjective is used. A stage micrometer is placed under the 
microscope, and the tube of the instrument is drawn out until 
one side of the squared space in the eye-piece exactly corre- 
sponds to i mm'. The counting must always be made with the 
same eye-piece and object-glass, and with the same length of 
tube. When once this length has been determined, a mark 
should be made on the draw-tube, by which it can always be 
directly arrived at without the use of the micrometer. 

The capillary tube containing the diluted blood is now substi- 
tuted for the micrometer, and the number of corpuscles con- 
tained in that length of it which is covered by the squaring in 
the eye-piece (that is in ^ mm.) is counted. The capacity of 
this length of tube is different in each instrument, and is marked 
on the piece of glass on which the capillary is cemented. It is 
always a small fraction of a cubic millimetre. The niunber of 
corpuscles got is multiplied, first by the denominator of this 
fraction ; then by one or two hundred, according to the original 
dilution, and the products give the number of corpuscles in a 
cubic millimetre of blood. The capiUary tube has the disadvan- 
tage of requiring the employment always of the same micro- 
scope, which must be provided with a draw- tube. 

When the wkite corpaiicleB are to be counted, it is best 
to dilute the blood only ten times, and to use a fluid which 
dissolves the red corpuscles, but leaves the white. Such a fluid 
is water containing one-third per cent, glacial acetic acid 
(Thoma). 

Several countings should always be made of the same blood, 
and the mean of these taken. As the accuracy of the graduation 
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of the instraments is never to be depended on, it is necessary to 
make first, for each instrument, a number of countings of the 
corpuscles in healthy blood taken from different individuals. 
In this way a standard is got, with which subsequent results can 
be compared. 



v.— CIRCULATION OF THE BLOOD. 

In order to see the circulation of the blood, it is necessary to 
examine some transparent part in a living animal. The web of 
the frog's foot is the part most commonly chosen, and although 
not so good in many respects as the lung or mesentery of the 
same animal, yet the facility with which the examination can be 
made without inflicting any pain on the animal justifies the 
choice. 

A thin piece of board, sufl&ciently large to support the body 
of the frog, is taken, and in one end of it a V-shaped notch is 
cut, about the size of the interval between two of the toes of 
the hind foot. The frog is then made motionless, by the injec- 
tion under the skin of the back of one drop of a one per cent, 
solution of curara. This poisoning gives no pain, and is reco- 
vered from in a few hours. The frog, when paralysed, is placed 
on the board. Soft threads are tied to two of the toes, and the 
intervening portion of the web is gently stretched over the 
V-shaped notch. The threads may be fastened with pins, or 
fixed by being drawn through slits in the board. Great care 
must be taken not to overstretch the membrane, and so inter- 
fere with the natural movement of the blood. 

The board is placed on the stage of the microscope, and is 
fixed with the clips in such a position that the web lies over the 
hole. The web is examined first with the low power, and then 
with a stronger object-glass. 

During the examination the animal should be kept covered 
with wet blotting-paper or lint, and a small quantity of water 
should frequently be applied to the web. 

In the arteries the flow is so rapid, that the individual 
corpuscles cannot be seen. The current is not uniform, but 
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experiences an acceleration at each systole of the ventricle. 
The corpuscles move in the axis of the vessel, separated from 
its sides by an interval occupied only by transparent plasma. 
In this, white corpuscles are seldom seen. 

In the capillaries the current is much slower, so that the 
corpuscles can be readily seen. It wiU be noticed that, owing 
to the narrowness of the vessels, they can move only in single 
file, and that often they have to alter their shape as they squeeze 
themselves through the narrow and tortuous channels. Once 
the obstruction is passed, their normal shape is at once regained. 
Thus the flexibility and elasticity of the corpuscles is demon- 
strated. In the network of capillaries the flow is from the 
arteries to the veins, but in any particular vessel it will be seen 
that the direction of the current is not constant, but the blood 
may become stagnant for a short time, or may flow sometimes 
in one direction, sometimes in the other. In the capillaries the 
blood corpuscles, both red and white, come into contact with 
the wall of the vessels. 

In the Teiiis> which are more capacious than the arteries, the 
current again becomes rapid, but does not reach the velocity in 
the arteries. The corpuscles can be more or less distinctly seen 
according to the rate of flow of the blood. The current is con- 
tinuous. The mass of the corpuscles moves in the axis of the 
vessel, and in the clear plasma in contact with the wall nimie- 
rous white corpuscles can be seen rolling along slowly, and 
sometimes adhering for a time to the interior of the vein and 
coming to rest. The slower the circulation, the more numerous 
are the white corpuscles in the peripheral layer of plasma. 



VI.— INJECTION OF BLOOD-VESSELS. 

With rare exceptions, the injection masses which are 
now employed consist of gelatine, coloured either with soluble 
Prussian blue or with carmine. 

Soluble Prussian blue is prepared by precipitating ferrocya- 
nide of potassium with ferric chloride. The salts are dissolved 
separately in a nearly saturated solution of sodic sulphate, and 
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the ferric chloride is poured into the ferrocyanide of potassium. 
The precipitate is collected on a filter, and washed with water 
until the soda salt is removed, and the blue mass begins to 
come through the filter. The washing is then discontinued, 
and the contents of the filter are dried and preserved for use. 
Soluble Prussian blue can be bought from the druggists. Its 
preparation is troublesome and tedious, and need not be under- 
taken unless large quantities are required. 

To prepare the blue injection mass, lo grams of the finest 
gelatine are placed for some hours in cold water. The water 
which has not been absorbed is poured off, and the swollen 
gelatine is placed in a beaker, which is heated in a water-bath 
until the gelatine is dissolved. There is t^en added slowly, and 
with constant stirring, 50 cc. of a two per cent, solution of 
soluble Prussian blue, previously filtered and warmed. When 
the mixture is completed, the mass is strained through fine new 
flannel, and is then ready for use. 

The carmine injection mass is more difficult to prepare, and 
is consequently less employed than the mass of Prussian blue. 
Four grams of carmine are dissolved in 8 cc. strong liquor 
ammoniae, and diluted with 50 cc. water. The solution is fil- 
tered. The filtrate is warmed, and there is slowly added to it 
a solution of gelatine, made as above directed, and in the same 
quantity. To this mixture, while it is still kept warm in the 
water-bath, there is added, drop by drop, a weak solution of 
acetic acid. At a certain point the smell of ammonia disap- 
pears, and the colour of the mass changes from dark purple red 
to bright crimson. This point is difficult to attain exactly. If 
enough acetic acid is not added, the soluble carminate of am> 
monia diffuses through the walls of the vessels, and stains the 
tissues. If the acetic acid be in excess, the carmine is precipi- 
tated in coarse granules, which will not pass through the fine 
vessels. When the right point is hit, the carmine is precipi- 
tated, but in such fine particles, that they are invisible even in 
the microscope. 

It is best to prepare the injection masses immediately before 
they are used, but they can be kept for some time if chloral be 
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added to the gelatine (Hoyer). Before being used, however, 
the mass must always be carefully filtered through fine flannel. 
The injection may be made with a syrlng^e^ or by the 
method of constant pressure. The former method is the less 
troublesome, and with some practice gives sufficiently good 
results. Injection syringes can be bought at the instrument 
makers. Each syringe should have several cannulae of different 
sizes to go into the vessel, and the junction of the cannula with 
the syringe should be by an intermediate piece, in which there 
should be a stop-cock. As it is of great importance that no air 
should be introduced into the vessels, it is best to fill the 
cannula with pure glycerine before tying it in the artery. The 
injection mass is kept fluid in a water-bath heated to about 
104° F. The syringe should be heated to the same tempera- 
ture, as should the body of the animal, or the part to be injected. 
In general it is best to kill the animal by chloroform, and pro- 
ceed at once to the injection while the body is still warm ; but 
if the animal or part has been for some time dead, or if the 
injection is likely to occupy any considerable time, it is well to 
immerse the object to be injected in water heated to 104** F. 

The syringe is carefully filled with the injection mass, so as 
to exclude all bubbles, the intermediate part put on, the piston 
slightly pushed down, so as to fill this and to force some of the 
mass into the free end of the cannula. Then the connexion 
with the cannula is made, and the piston pushed down as slowly 
and as steadily as possible. When the injection begins to flow 
out from the veins unmixed with blood, a ligature is placed on 
the points of exit, and the pressure continued so as fully to 
distend the vessels. When this is accompUshed, the stop-cock 
of the intermediate piece is tiuned, and, leaving this in con- 
nexion with the cannula, the syringe is removed. The injected 
parts are allowed to cool, and are then placed first in weak, and 
subsequently in strong alcohol, until they are sufficiently hard 
to allow of sections being made. 

In the method of injecting by constant pressure^ the 
injection mass is contained in a wide-mouthed bottle, closed 
with an india-rubber cork, through which two glass tubes pass. 
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One of these reaches to near the bottom of the bottle, and con- 
sequently dips into the injection mass. Its outer end is bent, 
and has fixed on it an india-rubber tube, which at the other ecd 
is provided with a strong clip, or, better, has attached to it the 
intermediate piece of an injection syringe, with its stop-cock, 
and which fits into the cannula in the artery. The second glass 
tube passes just through the cork of the bottle which contains 
the injection mass, and terminates above the level of the latter. 
Its outer end is connected by an india-rubber tube with the 
second part of the apparatus or pressure bottle. This consists 
of a large "Woulfe's bottle, with three necks. Into each of 
these fits an india-rubber cork, perforated by a glass tube. One 
of these tubes communicates with the injection bottle, a second 
with a mercurial manometer, and the third with a reservoir 
which contains water, and which can be raised to any desired 
height by means of a cord passing over a pulley in the ceiling. 
It is clear that, when the reservoir is raised, the water will flow 
into the pressure bottle, and compress the air contained in it. 
This pressure is transmitted to the surface of the injection, 
which is by this means forced out into the tube in connexion 
with the cannula. The greater the height to which the reser- 
voir is raised, the greater is the pressure exerted. The exact 
amount of this can be determined by the manometer which is 
in connexion with the pressure bottle. 

The cannula having been suitably fixed in the artery, the 
bottle containing the melted injection mass should be placed in 
the water-bath, and the reservoir raised so as to drive out the 
air contained in the tube going to the cannula. When the mass 
flows freely, the connexion with the cannula is made, taking 
great care that no air is admitted. The pressure is then raised, 
flrst to about two inches of mercury, subsequently to from five to 
eight inches. When the mass flows freely from the veins, these are 
tied, the pressure continued for a short time so as to completely 
fill the vessels, the stop-cock attached to the cannula closed, 
the reservoir lowered, and the injection bottle detached from 
the stop-cock. The subsequent treatment of the injected parts 
is the same as when the syringe has been used. 
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The pressure bottle may be put in connexion with a water- 
tap, and the pressure got from this source, instead of from the 
moveable reservoir. It is difficult, however, in this way to 
mumtum a perfectly even pressure. 

It is difficult to make good injections, and the necessary skill 
can be acquired only by practice. Most failures are due to the 
use of a bad mass. There are some gelatines which cause a 
precipitate in the Prussian blue solution. These should be 
rejected. The finest French gelatine, which is sold in thin 
■beets, is the best. The greatest care should be taken to have 
all parts of the apparatus clean. This is more easily accom- 
plished when the syringe is made of glass than when it is, as is 
usual in this country, made of metal. 

Even with every precaution, it is not possible alwa3rs to 
reckon with certainty on a successful result. 

VII.— ON HARDENING TISSUES. 

Most tissues and organs are, in their fresh state, of such a 
consistence that thin sections of them cannot be made by a 
razor or microtome. If it is desired to have sections of a fresh 
object, before it has been acted on by reagents, this may be 
accomplished by freezing the part to be cut, when the sections 
may be made by a tazor or in the freezing microtome, or the per- 
fectly fresh tissue may be cut by ITalentin's knife^ which is 
a knife with two parallel blades, whose distance can be regulated 
by a screw. The sections made by this instrument are seldom 
thin enough to allow of examination by high powers, but they 
are often useful, particularly in pathological investigations, when 
it is desirable to see the distribution of changes which are often 
obscured by the action of alcohol, such as fatty or pigmentary 
deposition, haemorrhage, &c. Sections of fresh tissues must be 
examined in salt solution, and cannot be preserved. 

In most cases it is necessary to harden a part prior to its exami- 
nation. After hardening, the part should not only be increased 
in consistence as a whole, but the inequality which exists in the 
consistence of the different tissues, when in the fresh condition, 
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should be equalised, so that the entire mass should have an 
uniform density. 

The following are the hardening reagents which are most 
commonly employed :— 

1. iLlcohol. — ^For many objects methylated spirit answers 
very well. It should be 'redrawn,* perfectly colourless, and 
miscible with water in all proportions without turbidity. 

The object to be hardened should be of small size, and a con- 
siderable quantity, at least twenty times its bulk, of the spirit 
should be used. Here, as in all other methods of hardening, 
the object should not lie on the bottom of the vessel, but should 
be suspended by a thread near the surface of the hardening 
fluid. In this way it is completely surrounded by the fluid, and 
the water and other matters which exude from it sink away from 
it to the bottom of the vessel. 

The spirit should be changed at the end of twenty-four hours, 
and again on the third day if the object is not then sufficiently 
hard. The consistence can be readily ascertained by touch. It 
is often useful in hardening membranous structures to pin them 
out on a piece of wood or cork, to prevent them from falling 
into folds. 

For very delicate objects the alcohol should be at first diluted 
with two parts of water, and the strength gradually increased. 
To complete the hardening it is desirable to use absolute alcohol, 
but its great expense prevents its very general employment. 

Objects hardened in alcohol stain well in most dyes. 

Acinose glands, as salivary glands and pancreas, the walls of 
the digestive tube, and the testicles, harden very well in alcohol. 

2. Chromie acid^ used in watery solution froiQ i ~ i 
per cent., will not harden large objects, as its power of pene- 
trating the tissues is very limited. A relatively very large 
quantity of the solution should be used. It should be changed 
after twenty-four hours, and then every second day for a week 
or ten days. Chromic acid will not harden by itself. It equal- 
ises the consistence of the difiierent tissues, but the flnal 
hardening must be accomplished by alcohol. After removal 
from the acid, the object should be well washed, which is best 
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done by suspending it in a large vessel in which the water is fre- 
quently renewed. When it ceases to give a yellow colour to 
the water it is placed in alcohol, which should be changed two 
or three times at intervals of twenty-four hours. A muddy 
precipitate commonly forms in the alcohol after the object has 
been placed in it. This does not occur if the vessel is kept in the 
dark. Whenever it does form, the alcohol must be changed. 

Objects which have been in chromic acid stain with difficulty. 

Nerve centres, nerves, epithelial organs, harden well in 
chromic acid. 

A mixture of chromie aeid and spirit has been much 
used of late as a hardening agent. It may be made by slowly 
adding i8o cc. of methylated spirit to 20 cc. of a 5 per cent, 
solution of chromic add. This is recommended by Rutherford 
for hardening the retina and cochlea. It should be changed 
after twenty-four hours, and then every second day for ten days, 
when the object should be transferred to pure methylated spirit. 

A mixture of one part of methylated spirit and two of a ^ per 
cent, solution of chromic acid is much praised by Klein as a 
general hardening agent, and gives excellent results. The object 
should remain in it from one to three days, and should then be 
placed in dilute alcohol which should be gradually increased in 
strength. Mixtures of chromic acid and spirit should be made 
only when they are wanted, and should be kept in the dark. 

3. BichromAte of potash may be used alone in 2 per 
cent, solution, but is more commonly employed as Mailer's 
fluids consistiog of 

Bichromate of potash, 2}, 
Sulphate of soda, z. 
Water, 100. 

Muller's fluid has great penetrating powers, and will conse- 
quently harden objects of considerable size and density. An 
entire human kidney or even a whole brain may be hardened if 
the fluid is used in sufficient quantity and changed with sufficient 
frequency. 
Miiller's fluid hardens very slowly. It should be used in large 
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quantities and changed within the first twelve hours, then every 
second day for a week, and then once a- week until the harden- 
ing is completed. This will require a month or six weeks at 
least. The object should then be washed in water as long as it 
continues to give up colour, and then placed in alcohol, which 
should be changed as long as a turbidity forms in it. In many 
cases the hardening may be completed by Miiller's fluid, and 
the object need not be put into alcohol prior to the examination. 
Hardening in MuUer's fluid alone should be employed when it 
is desired to see fat in the interior of cells. The sections should 
be stained in osmic acid, which blackens the fat, and also makes 
the cellular elements very distinct. This method is very useful 
for the mammary gland, developing spinal cord, and in patholo- 
gical work for fatty liver, kidney, degenerated nerve centres, 
&c. Such sections should be mounted in glycerine or Farrant's 
solution. Miiller's fluid is most useful for the nerve centres, 
the retina, and for parenchymatous organs, as the liver, kidney, 
ovary, testicle, &c. Objects hardened in it do not stain lii 
readily as those which have been in alcohol only, but better than 
those which have been hardened in chromic acid. 

Bichromate of potash enters into the composition of 
SrliclLi's flnid^ which has been again recendy recom- 
mended by Weigert for hardening the nerve centres. It con- 
sists of 

Bichromate of potash, e}. 
Sulphate of copper, ^. 
Water, loo. 

It hardens more quickly than Miiller's fluid. It gives the spinal 
cord a good consistence in ten days, and if the hardening be 
carried out at the temperature of 104** F. it is completed in four 
days. The fluid should be changed every day. It is for the 
purposes mentioned an excellent mixture. 

4. BieliroHAte of ammo]il»> in 2 per cent, solution, 
fpr hardening the nerve-centres. Takes about a month. It is 
canployed in .the same way as Miiller's fluid. It is much more 
soluble than bichromate of potash, and can be more easily 
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washed out of the tissues. Beyond this it does not seem to 
have much advantage over the much cheaper potash salt. 

5. BTentral ehromate of ammonia* — In 5 per cent, 
solution recommended by Heidenhain for hardening the kidney. 
It preserves the structure of the epithelial cells better than the 
bichromates. The object is left in it for twenty-four to forty- 
eight hours, then carefully washed in distilled water, and the 
hardening completed in alcohol. 

6. Pieric acid may be used in saturated watery solution, 
or better in Kleinenberf^'H ■olntion^ which is prepared 
as follows : — 

Cold saturated, solution of picric acid in water, too cc. 
Add 2 cc. strong sulphuric acid ; filter. 
Add to filtrate 300 cc. distilled water. 

Objects to be hardened in picric acid must be small, as the acid 
does not penetrate ; they should be left in the acid seven to twelve 
hours, and then transferred to dilute spirit, which should be 
gradually increased in strength, and changed so long as it takes 
up a yellow colour from the object. 

Picric acid is sometimes used to decalcify small fragments of 
bone or teeth. In these cases the object must be left in the 
solution much longer than when mere hardening is required, 
and there should always be some undissolved acid at the bottom 
of the vessel, so that the concentration of the solution may be 
kept up. 

Picric acid stains the tissues yellow, particularly homy and 
elastic tissues. It does not interfere with logwood or carmine 
staining. 

7. Osmic acid^ i per cent, solution, hardens only superfici- 
ally ; the object therefore must be small. Requires twenty-four 
to forty-eight hours. Blackens fat and nerve fibres. Invaluable 
for organs of special sense, as retina, cochlea, taste-buds, &c. 

A mixture of chromic acid ^ and osmie acid -^ per 
cent* gives admirable results in the case of many delicate organs, 
as the retina. Objects hardened in it may be mounted in balsam 
without being stained, as the elements are very distinct. 
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After the prolonged action of osmic acid, objects will not stain 
in picrocarmine. 

8. BTitrie actd^ 4 to 5 per cent, of the strong acid, in water. 
Useful for very delicate objects, as young embryos, and retina. 
The object must remain ten to twenty minutes in the acid, and 
be then placed in strong alcohol. 



Vin.— ON EMBEDDING. 

In many cases, where objects which have to be cut are so small 
or so delicate that they cannot be held in the hand, it is necessary 
to embed them in some substance which will give them the re- 
quired bulk and support. These substances are of such a nature 
that they are fluid when the object is placed in them, and sub- 
sequently become solid. 

The embedding mass most commonly employed is made of 
equal weights of white wax and oliTe oil melted together 
in a capsule over a water bath. In winter it is necessary to add 
a little more oil, and in summer a little more wax, so as to have 
at all temperatures a mass of equal consistence. The mass 
should be raised to a temperature just sufficient to melt it, and 
great care must be taken not to have it too hot, in which case 
the object would be injured by the heat, and the too fluid mass 
would soak into the interstices of the tissues, from which it could 
not subsequently be removed. 

From a piece of stiff writing-paper a mould or box is made to 
contain the embedding mass. The box should be oblong, and 
each of its long sides should be of the same size as the bottom, so 
that the cross section of the box is a square. Its dimensions must 
of course vary with those of the object ; but as the latter is usually 
small, the box may be made of such a size that while it supports 
the object it can be held conveniently in the hand. A good 
size is 2 inches long by J inch broad. The piece of paper is 
taken 3f by 2f inches. It is folded in length into three equal 
parts, each i inch broad. It is then folded tranversely i inch 
from each extremity. Thus it is divided in the middle into three 
parallelograms, 2 inches by f inch, and at each end in^ three 
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iquajvs, each { inch. Thefour coiner squares are now folded along 
the diagonal from the comer of the paper inwards. The two la- 
teral parallelograms are tamed up to form the sides of the box, 
while the central parallelogram forms the floor. The central 
square at each extremity forms one of the ends of the box, while 
the comer squares, folded as directed, foma flaps, which are 
turned in and fastened with pins, which should be inserted as 
dose as possible to the upper edge of the box. 

The box is placed on a small piece of flat board, and the 
melted mass is poured into it. 

The object to be embedded must always come out of spirit, 
since the wax mass will not adhere to a surface wetted with 
water. The excess of spirit is removed from it with filter-paper. 
It is transfixed with a needle, whose point must project a quarter 
of an inch or so from its surface. It is plunged into the melted 
mass contained in the box, and the needle passed through the 
bottom of the latter and fixed into the board beneath. By this 
means the object is held in proper position while the mass is 
hardening. It is most important that this position should be 
rightly chosen. The object must be placed as close as possible 
to one end of the box, and great care must be taken that it does 
not rest on the bottom of the box, but that it is surrounded on 
all sides by the mass. As the object is concealed from view 
when the mass has hardened, its position in the box must be 
noted, in order that the sections i^ay be made in the right di- 
rection. It is a good rule to embed objects in such a position 
that sections made in a plane at right angles to the long axis of 
the box will cut the object in the desired direction. When the 
mass has cooled the needle is withdrawn, having first b^en 
slightly turned on itself, as is done before withdrawing a hare- 
Hp pin. The paper mould is removed. The hardened block is 
held in the hand, and with a razor, moistened in spuit, the wax 
is cut away at the end at which the embedding was made, until 
the object is exposed. If this is sn^all and the quantity of wax 
about it is excessive, the edges of the block may be pared away, 
leaving just enough wax to support the object. Sections are 
then m^de through the object and the supporting n^iss, as was 
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directed in p. 77, and are received into a watch-glass or capsule 
containing clean spirit. The adhering wax can be removed with 
needles, when the sections may be stained and mounted in any 
of the usual ways. 

Once the block has been cut, it cannot be left exposed to the 
air, as the object would dry and be spoiled, but it maybe placed 
in spirit and preserved for future use. The parings of the mass 
and the old blocks may of course be melted over again. 

Besides the mass of wax and oil, other substances are em- 
ployed for embedding objects prior to making sections. 

The wax and oil mass should adhere only to the surface of 
the object embedded in it, and should not penetrate into the in- 
terstices or hollows, from which it could not be removed. Now, 
many tissues or organs are so delicate and soft that the sup- 
port afforded by the wax and oil would not suffice to allow of 
their being cut. In these cases it is advantageous to use some 
material which soaks through the object, and which, when 
hardened, gives enough support and consistence to admit of fine 
sections being made. Of such masses, the principal are gum, 
paraffin, collodion, and albumen. 

2. Ouin. — The object, which must be free from alcohol, is 
placed for some hours in a syrupy solution of gum arabic. It is 
then placed in alcohol, which coagulates and hardens the gimi. 
The object embedded in the gum may then be cut directly, or, 
if it is not of sufficient size to hold, may be further embedded, 
gum and all, in wax and oil. In many cases, if the object be 
very small, it may be fixed to a piece of alder pith by a drop of 
strong gum, and then placed in alcohol. After hardening, the 
sections may be made. If the alcohol is too strong, the gum is 
made so hard that it takes the edge off the razor. The suitable 
strength of the spirit can be determined only by trial. If the 
gum is too hard, the mass should be placed for some time in 
more dilute alcohol. The sections, when made, are placed in 
tepid distilled water, which dissolves out the gum ; then stained, 
and mounted in one or other of the usual ways. This method 
is very ready, and in many cases useful, but is inferior to those 
which are next to be described. 
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3. PtiraflB* — ^A paraffin should be chosen which melts 
below iiQo F. The object to be embedded must be small. It 
should be stained en masse, washed in water, and thoroughly 
dehydrated in strong alcohol. It is then placed in oil of cloves 
until it is soaked through by this fluid. It is next transferred 
for a short time to oil of turpentine. It is then placed in the 
melted paraffin, which should be kept a few degrees above its 
melting point in a drying oven provided with a gas regulator. 
According to its size, the object should remain in the paraffin 
for from half an hour to twenty-four hours. It should be com- 
pletely permeated by the paraffin. It is then placed in a paper 
box and the melted paraffin poured about it, as was done in the 
case of the wax and oil, or it may be removed from the paraffin 
and kept for any length of time until it is required for section. 
Being completely impregnated with the paraffin, there is no 
risk of injury from drying. The sections may be made with a 
dry razor, or may be cut in a microtome. If a suitable instru- 
ment of the latter kind be used, sections -^^-^ inch in thick* 
ness can be readily made. The sections are placed on a slide,, 
which is gently warmed over a lamp until the paraffin melts ;. 
the melted paraffin is washed away by turpentine dropped on 
the section. The preparation may then be permanently mounted 
in Canada balsam. This method, which is universally used in 
embryological and comparative anatomical work, has more 
limited application in ordinary histology. It is, however, of 
great service in the examination of such objects as the lung, 
testicle, retina, spleen, and other parts of great delicacy, whose 
parts have only a slight cohesiveness. In the latter case it is well 
to cement the sections to the slide before dissolving out the 
paraffin, as will be explained further on, when speaking of the 
method of mounting sections in series. 

Other masses may be used in somewhat the same way as 
paraffin. The object, after having been in oil of cloves, may be 
soaked in melted cacao batter. The sections are made with 
a razor moistened with oil of cloves, and the embedding mass- 
can be dissolved out by the same fluid. Or a mass composed 
Of spermaceti 4^ castor oil 1^ may be employed. The 
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object, prior to being placed in this, is stained, dehydrated, and 
soaked through -with oil of bergamot. The sections are cut with 
a razor wetted with olive oil, and the embedding mass is dis- 
solved out by a mixture of oil of turpentine 4, creasote I. 

4. Collodion (Duval). — Objects need not be stained prior 
to being embedded in collodion. The object is placed in strong 
alcohol until all water is removed, then placed for about half an 
hour in ether, and then in collodion for from ten minutes to twenty- 
four hours. It is then, with, the adherent collodion, dropped 
into ordinary alcohol (methylated spirit). This coagulates the 
collodion, which, however, retains a perfect transparency, and 
has a very suitable consistence for cutting. The sections may 
be made with a razor, or in a microtome, the knife being wetted 
with spirit. They may be stained in carmine or logwood, since 
the adherent collodion does not stain, or only very feebly. The 
collodion holds the parts of the object together, and does not in- 
terfere with the examination, since it remains transparent. The 
sections may be mounted in glycerine or Farrant's solution. 
Oil of cloves dissolves the collodion. If this is no objection, the 
sections may be mounted in balsam. Oil of bergamot does not 
dissolve collodion, and may be used as a clarif3dng fluid instead 
of oil of cloves. 

As collodion has not a sufficient consistence for many objects, 
it has been recently proposed to substitute for it a solution of 
eelloidin (Schie£ferdecker). This substance is manufactured 
by Schering of Berlin, and is sold in small tablets. It is a hard, 
semitransparent, colourless material. It should be cut into 
small pieces, and dissolved in a mixture of equal volumes of 
absolute alcohol and ether. The solution should have a thick 
syrupy consistence. The object, after being treated successively 
with alcohol and ether, is placed in the eelloidin solution, and 
left there until it is completely soaked through by it. It is then 
placed in ordinary alcohol, which coagulates the eelloidin and 
gives the whole a fit consistence for cutting. Absolute alcohol 
must not be used, as it dissolves eelloidin. A very convenient 
plan is to place the object, after removal from the eelloidin, on 
the surface of a suitably-shaped piece of cork, in a drop of the 
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celloidin, and then to place the cork, with the object attached, 
in alcohol. After hardening, the cork allows of the object 
being held in the hand or fixed in a microtome. The sections 
may be stained and momited in glycerine, or cleared with oil of 
bergamot and momited in balsam. The ceUoidin need not be 
dissolved out, as it does not stain, and remains quite transparent. 
By this method good sections of such organs as the testicle can 
be got. The parts of the thin sections do not fall asunder, bat 
are held together by the embedding mass. 

5. Albmmen. — The albumen of an egg is mixed with ^ its 
▼olume of a 10 per cent, solution of carbonate of soda. The yolk 
is then added, and the whole well shaken together. The mass 
is poured into a paper box, and the object, which must be free 
from alcohol, is placed in it according to the rules given when 
describing the use of the wax and oil. The box is then placed 
in a capsule and surrounded, but not covered, with alcohol of 
about 80 per cent. The capsule is covered with a bell glass, 
and heated in a water bath to about 167" F. for half an hour. 
By this time the mass is coagulated on the surface. The box is 
then placed in alcohol to complete the hardening. The sections 
are cut and mounted in the usual way (Calberla). 

IX.— MICROTOMES. 

Although it is of great advantage to be able to cut sections 
by hand, yet there are few histologists now who depend solely 
on this method, and who do not, for finer and more accurate 
work, employ some form of microtome. 

RanTter's microtome represents the most simple form 
of instrument. It consists of a metal tube, closed below, but 
open above. Around the upper opening is a flat plate of metal, 
which supports the knife in making the sections. Through the 
closed bottom of the tube there passes a screw, by which the 
object can be gradually pushed upwards in the tube. The 
object is fixed in the tube either by having wax and oil poured 
around it, or, better, by being wedged in by dry and compressed 
alder pith. This, when moistened with spirit, swells, and holds 
the object firmly in position. By a slight movement of the screw 
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the object is pushed up above the level of the top of the tube, 
and the projecting part is sliced off with a razor, which glides 
on, and is supported in its movements by the plate of metal. 
The capabilities of this instrument are very limited. 

A much better form of hand microtome is that of Schi^flter- 
decker. In this the object, either embedded or not, is clamped 
into a tube, and instead of being pushed up through this, as in 
most microtomes, the plate on which the knife moves is gradu- 
ally lowered by a screw. The circumference of the plate is 
grad«iated, and provided with an index, by which the thickness 
of the sections can be regulated. 

This is, for many purposes, a very handy and efficient instru- 
ment It is particularly useM for cutting sections of the spinal 
cord. 

A much more perfect microtome is that of Thoma^ made 
by Jung, of Heidelberg. In it the knife is not held in the hand, 
but is fixed in a support, which slides in a horizontal path in 
the heavy metal frame of the instrument. The object, em- 
bedded in paraffin, or fixed to a cork with gum or celloidin, is 
held in a kind of clamp, which is attached to a support which 
slides in an obliquely ascending path in the frame. As the 
object rises in its path, its upper surface comes to lie above 
the level of the edge of the knife, which is drawn across the 
object, and removes a slice from it. The object is then raised 
further in its path, and the process repeated. The movement 
of the object is effected with great accuracy by means of a 
graduated micrometer screw. If the object is embedded in 
paraffin, the knife is kept dry, and should be so fixed that its 
edge is at right angles to the line of its movement. If the 
object is embedded in wax and oil, albmnen, celloidin, or simply 
fixed on a piece of cork, the knife should be wetted with spirit, 
and the edge should meet the object very obliquely. 

This is a very beautifully-constructed instrument ; and if the 
object is small, and is suitably hardened and embedded, sections 
may be cut of .003 mm. in thickness, and much larger sections 
of .01 mm. can be made without difficulty or failure. It is 
necessary, however, that the hardening of the object should be 
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very perfect, as imperfectly hardened objects yield before the 
knife. 

For general use there is no class of microtome so satisfactory 
as that in which the object is frozen, and cut when in this con- 
dition. Rutherford's freeztni^ mterotome long enjoyed 
a well-deserved popularity, but it has now very generally given 
way to the much more convenient instrument of Wflliams, 
made by Swift, of Tottenham Court-road, London. 

This consists of a wooden tub, with a lid formed of a glass 
plate. The plate is perforated in the centre, and through the 
perforation there passes the upper end of a pillar of brass, 
which is fixed at its lower end by an expanded base to the 
bottom of the tub. On the top of the brass pillar is a small 
table of brass, on which rests the object to be cut. The tub is 
filled with a freezing mixture of finely pounded ice and salt. 
This is packed about the central pillar, and soon reduces its 
temperature to such a degree, that any object placed on the 
table at the top freezes instantaneously. The lid is applied and 
fastened on by a screw. The knife is fixed in a metal frame, 
which rests on three screws. These slide on the glass lid of 
the tub. Two of the screws are behind the knife, one in front. 
By turning this latter screw the edge of the knife can be gradu- 
ally lowered. 

The object to be cut must be quite free from alcohol. If it 
has been in this fluid, it must be placed for twenty-four hours 
in water. It is then placed in thick gum, in which it must lie 
until it is completely permeated by it. If the object is of a loose 
and spongy structure, such as the lung or testicle, a few hours 
will suffice ; but if it has a dense consistence, as the liver, kidney, 
or nerve centres, it must remain some days in the gum. It is 
best to cut the object into thin pieces before placing it in the gum. 
From a piece one-sixth of an inch thick a very large number of 
sections maybe made. When the object is soaked through with 
the gum, it is placed on the table of the microtome, to which it 
freezes fast in a very few seconds. The knife is then lowered 
until its edge touches the upper surface of the object, from 
which ^ thin slice is removed. By gradually lowering the front 



APPENDIX. 363 

screw the edge of the knife is depressed, and after each depres- 
sion the knife is pushed across the object, and a section planed 
off. With a little practice the instrument can be worked with 
great rapidity, so that one hundred sections per minute can be 
made. It is not necessary to remove the sections as each is cut ; 
they accumulate in a heap on the upper surface of the blade of 
the knife, from which they can be transferred by a camel's hair 
brush to tepid distilled water, where they must lie until the 
gum is washed out of them. They can then be at once stained 
and mounted in the usual way, or they may be kept in dilute 
spirit, or glycerine and water, until they are required. Gum is 
used because it has, when frozen, the consistence of very firm 
cheese, and cuts evenly and without injury to the knife. Water, 
on the other hand, is brittle when frozen, and breaks before the 
knife, whose edge, too, is injured by the hard spicules of ice. 
By the method of freezing, objects may be cut whose hardening 
is not sufficiently perfect to allow of sections being made in the 
other forms of microtome, and even fresh tissues can be, by this 
means, successfully prepared for examination. 

A modification of Williams's microtome, in which the freezing 
is effected by ether spray instead of by ice and salt, has been 
devised by Mr. Gfoves of King's College. For private work, 
where only a few sections are required, it is very useful ; but for 
cutting large numbers of sections, such as are required for class 
demonstrations, Williams's microtome, in its original form, is 
unrivalled for convenience and rapidity. 

X.— ON CUTTING SERIES OF SECTIONS. 

It is sometimes necessary to cut the whole of an object into 
sections of a certain thickness, and to preserve all the sections. 
In order to accomplish this, a microtome must be employed, and 
one such as that of Schiefferdecker or of Thoma, which enables 
the thickness of the sections to be accurately determined. Such 
serial sections are absolutely essential in embryological research, 
but are not very commonly required in ordinary histological 
work. In some cases, however, they are very advantageous. 
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Thus, a series of sections through the retina, made parallel to its 
surfaces, are in the highest degree instructive. 

When such series are to be preserved, it is of great conve- 
nience to be able to mount several of them in order under one 
cover-glass. In this way a multiplication of slides is avoided, 
and the different sections, lying side by side in the same prepa- 
ration, can be readily compared with one another. If the 
sections were simply placed on the slide, and mounted in the 
usual way, they would infallibly undergo displacement in the 
application of the cover-glass, their order would be lost, they 
would get one over the other, and some would probably float 
from imder the cover-glass and be lost. Hence, in order that a 
series of sections shall be properly mounted, it is essential 
that the sections shall be cemented to the slide in their right 
positions previous to the application of the cover-glass. This 
may be done in either of the following ways — ^in both cases the 
object is supposed to have been embedded in paraffin prior to 
the making of the section^ : — 

I. A slide is covered with a very thin la3rer of a solution of 
bleached shellac in alcohol, which is allowed to dry. The part 
of the slide on which the preparation is to be made is painted 
vrith an exceedingly thin layer of anhydrous creasote, which 
dissolves the, shellac, and forms a sticky surface. On this the 
sections are placed in order as they are cut. When as many 
sections as it is desired to mount on one slide are duly arranged 
in position, the slide is placed for half an hour or so in a drjring 
oven, at a temperature a few degrees above the melting point 
of the paraffin. The heat melts the paraffin and evaporates the 
creasote, and leaves the sections firmly adherent to the slide. 
While the paraffin is melted, a stream of turpentine is poured 
over the slide : this washes away the paraffin. A cover-glass 
on which some Canada balsam has been placed is then applied 
{Giesbrecht). 

This method does not readily admit of the sections being 
stained after they are cemented to the slide, or of their being 
moimted in glycerine, as they cannot be washed with alcohol, 
which would dissolve the shellac cement. On these accounts 
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Uie following method, being of more general application, is to 
be preferred : — 

The slide is painted with a thin layer of a mixture of collodion 
and oil of cloves, in the proportion of one to four. On this the 
sections are arranged. The slide is then placed in the drying 
oven, to melt the paraffin and evaporate the oil of cloves. If it 
is desired to mount the sections in balsam, the melted paraffin 
is washed away with turpentine, and the cover-glass with the 
balsam at once applied. But if the preparation is to be put up 
in glycerine, 'the shde is washed first in turpentine, then in 
chloroform, then in alcohol, and then in water. The sections 
may then be mounted in glycerine, or may first be stained with 
logwood, carmine, or any other staining fluid. If, after stain- 
ing, it is desired to mount the preparation in balsam, the slide 
can be treated in succession with alcohol to dehydrate, oil of 
bergamot, and balsam. Oil of cloves must not be used, as it 
dissolves the collodion cement (Schallibaum). 

By either of these methods upwards of a hundred sections 
can, if sufficiently small, be mounted under one cover-glass. 

Although, as has been said, serial sections are rarely requisite 
in the ordinary course of histological work, yet when single 
sections are ragged, or very delicate, or consist of detached 
parts, whose relative positions it is important to preserve, it 
will be found highly advantageous to cement them to the slide ; 
and when they are so fixed the processes of staining and 
mounting can be carried out with a facility and ceilainty of 
success otherwise impossible. These methods, which consti- 
tute some of the most important of the recent advances in micro- 
scopical technique, are peculiarly applicable to the retina, testicle, 
spleen, and to some pathological objects. 

XI.— ON MOUNTING PREPARATIONS. 

Objects are seldom mounted dry. This is, however, some- 
times done, either when, as in the case of blood corpuscles, the 
object is injured by most reagents, or when, as in the case c^- 
the fibrils of white fibrous tissue, it is so transparent as to be. 
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invisible, except in a medium of vety low density. In such 
cases the cover-glass may be fastened down by strips of gummed 
paper applied over its edge, or a rim of melted paraffin may be 
drawn around it with a heated wire. Fluid cements cannot 
be used, as they would run in under the cover-glass by capil- 
larity. 

In general, objects are mounted either in glycerine or in Canada 
balsam. In the former case it is not necessary to remove the 
water from the object, since glycerine mixes perfectly with 
water ; but previous to mounting in balsam the object must be 
dehydrated, and permeated with some essential oil, with which 
the balsam can mix without turbidity. 

In mounting in g^lycerine the object, either stained or not, 
is placed in a suitable position on the slide. A drop of glycerine 
is then placed on the under side of the cover-glass, which is 
cautiously appUed to the object, great care being taken that 
this is not displaced, that no air-bubbles are included, and that 
no glycerine gets on the upper surface of the cover-glass. With 
two pieces of filter-paper applied at opposite edges of the 
cover-glass any excess of glycerine is removed, until the cover- 
glass adheres slightly to the slide. The slide is then wiped 
perfectly dry up to the edge of the cover-glass, and a rim of 
cement is painted on. 

In glycerine preparations many fine details can be seen, which 
are lost in preparations mounted in balsam, owing to the high 
refractive power of the latter. It is, however, much more diffi- 
cult to mount in glycerine than in balsam. The cover-glass is 
apt to become displaced in applying the cement. The cement 
often runs in and spoils the preparation, and the glycerine often 
leaks through the cement. These difficulties may, however, be 
overcome by practice. If a preparation is found leaking, a 
stream of water should be poured over it, and after it iscarefuUy 
dried a fresh layer of cement should be put on. 

Many of the advantages of glycerine mounting, wiUiout its 
difficulties, may be had by using Farrant's ■olntion* This 
consists of a mixture of equal parts of glycerine and a saturated 
solution of arsenious add, in which as much gum as possible is 
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dissolved. The solution must be filtered, and is very trouble- 
some to prepare. It is applied in the same way as glycerine, 
but the gum hardens at the edge of the cover-glass, so that the 
cement can be applied after a few days without risk, and there 
is no danger of leakage. While the gum is hardening it is well 
to make slight pressure on the cover-glass, so as to keep it in 
close apposition with the slide. This may be done by a small 
weight, as a rifle bullet, or by a compressorium, or mounting 
dip, which holds the glass down by a spring. 

In some cases, instead of glycerine, a saturated solution of 
acetate of potash is employed. This is good for osmlc add 
preparations, which sometimes become difiiisely black in glyce- 
rine, and for preparations stained in aniline violet, which soon 
lose their colour in glycerine. 

Objects to be mounted in Canada balsam must usually be 
stained, since they become so transparent that, if unstained, 
they are invisible. 

The balsam must be heated on a sand bath or in an oven 
until it becomes, on coohng, hard and brittie. Such hard 
balsam should be kept in quantity. 

Hard tissues are sometimes mounted dry in this balsam 
directiy, as was described in the section on bone ; but for 
general mounting the balsam is dissolved in chloroform, ben- 
zole, or xylol, and filtered. The solution may be of any desired 
consistence. It should be kept in a stoppered bottie, from 
whose stopper a glass rod projects nearly to the bottom of the 
bottle. By this rod a drop of the solution can readily be 
removed. 

A section to be mounted must be stained, washed in water, 
and then carefully removed on a lifter to a large watch-glass 
containing strong spirit. Before placing it in the spirit, the 
lifter should be touched with filter-paper, so as to remove all 
adhering water. While the object is in the spirit the watch- 
glass should be covered with a glass plate. If the section is 
thin and the spirit stropg, the dehydration is effected in a few 
minutes, but it is better to leave the object in the spirit for at least 
ten minutes. It is then removed on the lifter, which is again 
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touched with filter-paper, to remorfe adhering spirit, and the 
section is floated off into oil of doves, contained in another 
watch-glass. If the section has been fiilly dehydrated, it floats 
to the smface of the oil of cloves, and in a few seconds is per- 
fectly transparent, as can be seen by placing the watch-glass over 
some writing, when it will be found that the letters can be dis- 
tinctly read through the transparent section. The section is then 
transferred on the lifter to the slide. Great care is to be taken 
to see that it lies flat, and is not folded on itself or wrinkled. 
The excess of oil of cloves is removed with filter-paper, but the 
section need not be dried, as Canada balsam mixes with oil of 
doves. A drop of the balsam solution is then applied to the 
under surface of the cover-glass, and this is placed cautiously on 
the object, without induding air bubbles. The preparation is 
then put away until the balsam hardens, during which time a 
slight pressure should be maintained on the cover-glass. The 
balsam soon sets about the edge of the preparation, but is very 
slow to harden in the centre. Hence, for some time, care must 
be taken not to handle the slide too roughly. For the nme 
reason, microscopic preparations should always be kept lying 
flat, and never placed on their edges. Balsam preparations do 
not need to be cemented. 

If the section, when transferred fix)m ^irit to oil of doves^ 
does not float, but sinks to the bottom and remains opaque, the 
dehydration has not been completed. The section must be 
again put back into spirit, and moved about until the adherent 
oil of doves is washed away; then transferred to fresh spirit, in 
which it must remain until all the water is removed, and only 
then passed through op of doves and mounted in balsam. If 
the section is very delicate, so that there is danger of its being 
injured by being transferred from one watch-glass to another, it 
may be at once placed on the slide, in a drop of the staining 
fluid. The slide is placed in the moist chamber until the stain- 
ing is accomplished. The dye is then washed away with a few 
drops of water, and absolute alcohol is dropped over the sec- 
tion for a few minutes. A drop of oil of doves is then allowed 
to run under the. section, which, when transparent, is mounted 
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in the usual way. This method, in which all the steps of the 
process are carried out as the object lies on the slide, is more 
difficult than that described above. 

Instead of oil of cloves, oil of bergamot, oil of cedar, and 
several other essential oils, may be employed ; also a mixture of 
four parts of oil of turpentine and one of creasote. 

Instead of Canada balsam, dAmmar TariiiBli may be used. 
This is made as follows : — 

Gum dammar, } oz. 
Gum mastic, } oz. 
Pure benzole, 3 fl. oz. 
Dissolve and filter. 

It need scarcely be said, that objects which are to he mounted 
in glycerine or Farranfs solution do not require to be dehy- 
drated^ and should never he put into oil of cloves. 

If objects are very thick, they may require to be mounted in 
a cell. This is formed of a ring of glass, cemented to the slide 
by marine glue. The cell is filled with the mounting fluid, the 
cover-glass applied, and sealed on to the top of the cell with 
cement. 

A good medium in which to mount objects that have to be 
put up in cells is i^lycerine Jelly. This may be bought, 
and must be heated before use. 



Xn.— SUMMARY OF RE-AGENTS, &c. 

I. — ^WATKR. 

Dissolves out colouring matter of blood corpuscles ; raises 
sarcolemma from muscular fibres ; causes the myeline sheath of 
nerve fibres to swell and leave the neurilemma. 

II. — ACIDS. 

I. Hitric aeid. — 20 per cent, for isolating smooth mus- 
cular fibres. With chlorate of potash, for isolating striped mus- 

2 B 
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cular fibres. With chromic acid, for decalcifying bone and 
teeth. 5 per cent, solution as hardening agent. 

'2. Salphnric acid* — For separating cells of hairs and 
nails. 

3. Acetic acid. — Glacial, for preparing hsemin crystals; 
for demonstrating cells of tendons, Sec, stained with picrocar- 
mine. Dilute, } to i per cent., for bringing out nuclei, and 
rendering white fibrous tissue transparent. 

4. Formic acid* — i per cent, in glycerine for mounting 
objects stained in picrocarmine. For reducing chloride of gold. 
See below. 

5. Tartaric acid* — For reducing chloride of gold. See 
below. 

6. Tannic acid*— One-half per cent, for separating hemo- 
globin and stroma (oecoid and zooid) of red blood corpuscles. 

7. Boracic acid* — 2 per cent, for separating cecoid and 
zooid. 

8. Chromic acid* 

9. Osmic acid* ) See Hardening Agbnts. 
10. Picric acid* 



III.— ALKALIES AND ALKALINE EARTHS. 

1. Potasb* — 40 per cent* for isolating smooth muscular 
fibres and cells of myocardium. Dilute, 5-10 per cent., for 
clearing bundles of white fibrous tissue. 

2. Soda* — 2-4 per cent, for clearing bundles of white fibrous 
tissue. 

3. Ammonia* — For dissolving neuro-keratin of nerve 
centres. See Exner's method for demonstrating medullated 
nerve fibres in cerebral cortex, p. 331. 

4. Baryta water* ) For dissolving cementing substazice of 

5. Iiime water* j fibrous tissue, cartilage, 8ic, 



I Enter into composition of staining fluids. 
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IV.— SALTS. 

1. Chloride of ■odiam. — In powder, for preparing 
hamin crystals. In solution, 10 per cent., for showing exosmosis 
in red blood corpuscles ; for dissolving cementing substances of 
fibrous tissue, &c. Dilute, ^-f per cent, (normal salt solution), 
as an indifferent fluid in which to examine all fresh tissues. 

2. Sulphate of sodA. — 5 per cent, to dilute blood in 
counting corpuscles. See Muller's Fluid. 

3. Acetate of potash* — Saturated solution, instead of gly- 
cerine, to mount objects stained in osmic acid or aniline violet. 

4. Bichromate of potash* \ 

5. Bichromate of ammonia* > tt ^ • 

b. Hentral chromate of ammonia* ) ^' 

7. Chlorate of potash* — With nitric acid, for isolating 
striped muscular fibres. 

8. Alum* 

9. Borax 

10. Hitrate of silver* 1 _ ^.^ • • a 
«^, M^ M 1^ J See Stammg Agents, 

11. Chloride of n^old* ^ ^ ^ 

12. Bichloride of mercury* — Sometimes used in con- 
centrated watery solution as a hardening reagent. Enters into 
Kayem's solution for preserving the third corpuscular ele- 
ment of the blood. 

Corrosive sublimate, \, 
Chloride of sodium, i. 
Sulphate of soda, 5. 
Water, loo. 

A large drop of this is placed on the finger. The skin is punc- 
tured with a fine needle through the drop, so as to bring the 
blood at once into contact with the preservative fluid, with 
which it is mixed with the point of the needle. A drop of the 
mixture shows for many hours the smaU discoid bodies (Blut- 
pl&ttchen of Bizzozero — Hsematoblasts of Hayem) about one- 
third the diameter of the red corpuscles. This method is far 
superior to that by salt solution coloured with aniline violet, 
described on p. 33. 

2 B 2 
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v.— ALCOHOLS. 

1. Ethylie alcohol. — ^Absolute, for hardening tissues, de- 
hydrating, &c. Dilute (rectified spirit, I vol. ; water, 2 vols.], 
for macerating epithelia, &c. 

Methylated spirit* — ^For ordinary hardening, &c. 

2. O^lycerlne* — ^For mounting. 

VI. — ETHER. 

Dissolves fat, and fatty part of white substance of Schwann. 

y 1 1 . — ^B E N z o L E. 

For dissolving Canada balsam, gum dammar, and gum mastic. 
Xylols for demonstrating course of fibres in nerve centres 
(p. 330] ; for dissolving Canada balsam. 

VIII. — ^ESSENTIAL OILS. 

1. Turpentine* — ^For dissolving paraffin. Turpentine, 4, 
creasote, i, for dissolving spermaceti and castor oil embedding 
mass. 

2. Oil of cloves* — ^For clearing sections previous to mount- 
ing in balsam. 

3. Oil of beri^mot. — ^For clearing sections cemented to 
slide by collodion. 

IX.— EBIBSDDING MASSES. 

1. 'Wax and oil*— Equal parts. 

2. Spermaceti J 4 ; castor oil, i. 

3. Paraffin. 

4. Collodion^ or celloidin. 

5. Egg albamen. 

See section on Embedding (p. 355). 
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X.— MACERATING AGENTS. 



See p. 48. 



XI. — HARDENING AGENTS. 



See p. 350. 



XII. — MOUNTING FLUIDS. 

1. Ctlycerine. 

2. Acetate of potash. — Saturated solution, for objects 
stained in osmic acid or methyl violet. 

3. Farrant^B ■olation* 

4. CaiuUla balsam. — Heated until it becomes hard on 
cooling, for mounting bone and teeth. solved in benzole 
for general mounting. 

5. Dammar ▼arnlsh. 

XIII.— STAINING FLUIDS. 

Of the innumerable substances which have been used for 
staining microscopic objects, only the more important and 
generally useful will be given here. 

I. Carmine (Grerlach). Carmine is insoluble in water, but 
dissolves readily in ammonia. The presence, however, of free 
ammonia in the solution causes the staining to be diffuse and 
unsatisfactory. It is necessary, therefore, to have a perfectly 
neutral carminate of ammonia, which is freely soluble in water. 

One gram of carmine is dissolved in 1-2 cc. strong liquor 
ammoniae, and diluted with 50-100 cc. water. The solution is 
left in an open bottle until it putrifies. After some weeks the 
putrefaction is ended, and the free ammonia has been com- 
pletely dissipated. The solution is then boiled for a few 
minutes, filtered, and a few drops of a solution of carbolic acid, 
or of chloral (Hoyer), are added. Such a solution may be 
diluted with water when required for use. It stains nuclei most 
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intensely, also protoplasm, connective-tissue fibres, axis cylin- 
ders of nerves, decalcified tissue of bone, and teeth. It .is 
peculiarly useful for the central nervous system. The sections, 
after being stained, should be washed in water, and then placed 
for a short time in very dilute acetic acid, which fixes the 
colour. They may be then mounted in balsam, or in glycerine 
containing i per cent, formic acid. 

It is not always easy to get a good carmine staining fluid — 
that is, one which has an elective power, and does not colour 
diffusely. Consequently, carminate of ammonia is not employed 
now so frequently as it formerly was. Numerous combinations 
of carmine have been devised, which give more or less satis- 
factory results. Of these, the most valuable are the follow- 
ing:— 

2, Pieroearniiiie* — ^This is one of the most useful of 
staining substances. It was introduced by Schwartz, but popu- 
larised by Ranvier. 

One gram of carmine is rubbed up with 30 drops of strong 
liquor ammoniae, and diluted with 200 cc. water. To this 
100 cc. of a cold saturated solution of picric acid are added, 
with constant stirring. The mixture is slowly evaporated on a 
water bath to two-thirds its original volume, and filtered when 
cold. A few drops of carbolic acid, or of a solution of chloral, 
are added, to make it keep. 

Picrocarmine maybe bought from the druggists in powder 
and in solution, but, in our experience, it is always worthless. 
According to Weigert, a bad picrocarmine may be improved by 
adding to its solution a trace of acetic acid, and if any precipitate 
occurs dissolving it by a little ammonia. We have not found 
this statement confirmed. The best picrocarmine is to be had 
from the garpan of M. Ranvier's laboratory in the College of 
France. It is far superior to any other which we have seen. In 
its manufacture the evaporation is effected at the temperature 
of the air, and occupies many weeks. When solid picrocarmine 
is employed it should be dissolved in water in the proportion of 
I per cent. 

Picrocarmine gives a double staining. Nuclei, connective* 
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tissue fibres, decalcified bone, axis cylinders are stained red ; 
protoplasm and muscle, orange ; while homy and elastic tissues 
are stained bright yellow. The staining is effected quickly. 
The sections after staining must not be left too long in water or 
alcohol, which dissolve out the picric acid, and remove the 
yellow colour. They may be mounted in balsam, but better in 
glycerine containing i per cent, formic acid, which fluid fixes 
the red colour, and increases the election of the dye. 

3. Bor»x carmine (Grenacher). — ^Borax, 2.0; carmine, 0.5 ; 
distilled water, 100 ; mixed in a capsule, and heated to boiling. 
To the solution, which has a dark purple colour, 5 per cent. 
acetic acid is added, drop by drop, until the colour changes to 
red. The mixture is allowed to stand 24 hours, filtered, and 
some carbolic acid added. 

This stains sections very rapidly, but the staining is quite 
difiiise. in order to remedy this, the section, on removal from 
the carmine fluid, is placed for a few minutes in 70 per cent, 
alcohol, containing i per cent, hydrochloric acid. This removes 
the colour from all parts except the nuclei, which remain of an 
intense red. The section is then washed in water, and mounted 
in glycerine or balsam. 

An alcoholic solution of borax carmine has also been pre- 
pared by Grenacher, and is highly spoken of. In our ex- 
perience it gives less satisfactory results than that just described. 

4. Alam carmine (Grenacher). — i gram of carmine is 
boiled for 20 minutes in 100 cc. of a 5 per cent, solution of 
alum, and filtered when cold. It stains nuclei of a purple-red 
colour. In our opinion it is inferior to the following : — 

5. AInm eoeliineal (Czoker). — 7 grams of cochineal are 
rubbed up in a mortar with 7 grams of burnt alum. The 
powder is placed in a flask, and 700 cc. water added. It is 
boiled until the volume is reduced to 400 cc, filtered when 
cool, and some carbolic acid added. This is an extremely useful 
staining fluid, particularly for class purposes, as sections are 
stained quickly by it, but may be left in it an indefinite time 
without risk of being over-stained. It is elective, and generally 
permanent. Nuclei and axis cylinders are stained of a bluish- 
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red colour; protoplasm and connective tissue only faintly; 
homy substances often have a yellowish tinge. Sections may 
be mounted in glycerine or balsam. 

A combination of carmine with lithia has been recently re- 
commended by Orth. We have no experience of it. 

6. Iiog^wood (Bohmer). — ^This is probably the most useful 
of all dyes. It stains nuclei of a blue colour, and with a sharp- 
ness and clearness which is scarcely equalled by any other 
staining re-agent. It has only one disadvantage : it frequently 
fades after a time. It may be made in various ways« fix>m 
haematoxylin, extract of logwood, or infusion of the chips. In 
all cases the essential constituents are logwood and alum. The 
following method is that which we generally follow. It gives 
most satisfactory results : — 

One part of logwood chips is infused for 6-10 hours in a 
warm place in 10 times its weight of water. The infusion is 
filtered, and to it is slowly added } per cent, solution of alum in 
water, until the brown colour changes to a rich purple. Of 
the alum solution there will be required about three times the 
volume of the original infusion. The mixture is left in an open 
vessel for some days, when the colour will become much more 
intense. A little alcohol is added, to prevent putrefaction 
(Rutherford). 

This solution can be used undiluted. As it is always turbid, 
it must be filtered immediately before use. It stains in a few 
minutes, and the sections must not be left in it too long. A 
little experience will enable the progress of the staining to be 
judged of, for which purpose the sections may be removed from 
time to time, and placed in water. Sections of objects which 
have been hardened in chromic acid or its salts stain more 
readily if they are placed for a few minutes in i per cent, bicar- 
bonate of soda, and then washed in water before being put into 
the logwood. Logwood preparations may be mounted in gly- 
cerine or balsam. When balsam is used many fine details are 
lost, in consequence of the great transparency of all the un- 
stained parts. This may be remedied by a double staining ; 
that is, the sections are first stained in some dye which colours 
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somewhat diffiiselyy and then in logwood, which stains the 
nuclei. Carmine or picrocarmine are good stains to combine in 
this way with logwood ; but the best and most generally useful 
double stain is that got by logwood and eosine. 

7. Kosine (£. Fischer). — ^The potash salt of tetrabromide of 
fluorescine is a red crystalline powder. It is very soluble in 
water and spirit, the solution being strongly fluorescent. It 
may be at once dissolved, or it may be previously decomposed 
as follows: — A watery solution is made, and to this dilute 
hydrochloric acid is added, drop by drop, until all the colouring 
matter precipitates. The precipitate is collected on a filter, and 
washed with distilled water. After all the acid has been re- 
moved, the colouring matter commences to become soluble in 
the water, and may be dissolved in it. But it is much more 
soluble in alcohol, in which it may be dissolved by simply 
pouring some spirit on the filter after the acid has been washed 
away by water. Eosine stains very intensely and diffusely. 
There are, however, certain objects for which it has a special 
affinity. It stains red blood corpuscles a salmon-red colour 
(Wissozky). Elastic and homy tissues are coloured a bright 
rose -red. The parietal cells of the stomach glands are stained 
bright red, as is muscle, both striped and smooth. 

Certain cells have, contained in their protoplasm, granules 
which have a peculiar power of staining with eosine. Such 
cells occur in the tissues and in small numbers in the blood in 
health, but they are much more numerous in the blood in 
leucocythsemia. They have been studied specially by Ehrlich, 
who calls them eosinophilous cells. To stain blood with eosine, 
a thin layer of blood is smeared on a cover- glass, and rapidly 
dried by blowing a current of air over it. The cover-glass is 
then passed two or three times through the flame of a small 
Bunsen burner, so as to heat the layer of blood, and make its 
albuminous constituents insoluble. When the glass has cooled 
there is placed on it some drops of a solution of eosine in glyce- 
rine. After lying for a few hours this is washed off with 
water, the glass allowed to dry, a drop of balsam applied, 
and the cover-glass placed on the slide. The eosinophilous 
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cells will be evident from the intensely red colour of their 
granules. 

Eosine is, however, seldom used alone, but usually in con- 
junction with some elective stain, of which logwood is the best. 
It has been proposed to dissolve eosine in the logwood solution, 
and effect the double staining at one operation, but it is better 
to stain first in logwood, then in an alcoholic solution of eosine, 
which stains and dehydrates at the same time. The strength 
of the eosine solution is not of much consequence, as any excess 
of colour can be readily removed by spirit. When the desired 
tint has been obtained, the sections may be passed rapidly 
through oil of cloves and mounted in balsam, or may be washed 
in water and mounted in glycerine. This double staining, which 
is of very general applicability, gives peculiarly beautiful results 
where muscular and glandular tissues occur together in the same 
section, as, for example, in the prostate, tongue, stomach, in- 
testine, &c. In reticular cartilage the appearances are very dis- 
tinct, as logwood stains the hyaline intercellular substance, while 
the cells and elastic reticulum are intensely stained by the 
eosine. 

A combination of eosine and picric acid is often used. 

8. Pnrparine (Ranvier). — ^This substance, which is not of 
any general utility, is useful for staining hyaline cartilage. 200 cc. 
of a 1^ per cent, solution of alum are boiled in a capsule, and, 
while boiling, some purpurine in powder is added ; the heat is 
continued so long as any purpurine dissolves : the fluid is then 
filtered hot into a bottle containing 60 cc. of rectified spirit. 
The solution is of a red colour and strongly fluorescent. It 
requires twenty-four to forty-eight hours to stain. It is an. 
elective dye, colouring chiefly the nuclei. It has one advan- 
tage ; it stains objects which have been in chromic acid as well 
as those which have been hardened in other fluids. 

Of the numerous aniline dyes, a great number have been 
employed in histology. It is more particularly in pathological 
investigations that these reagents are of use, and much of our 
knowledge of parasitic micro-organisms is due to their employ- 
ment. 
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Of the many aniline dyes which have been employed in 
normal histology, few are of any real utility. The more impor* 
tant of them are — 

9. Aniline blne-blaek. — ^This is a very useful dye, parti<* 
cularly in the study of the nervous centres. It stains axis cylin* 
ders and nerve cells a bluish-grey colour, which is very agreeable 
to the eye, and which is fairly permanent. It was first employed 
by Sankey in his work on the cerebellum. It may be used in 
watery solution 1-5 per cent. It stains in a few minutes, and any 
excess of colour is readily removed by washing in spirit. A more 
ready way is to use an alcoholic solution one per thousand (p. 330)* 
This stains and dehydrates at the same time. The stained sec- 
tions are rapidly washed in spirit, passed through oil of cloves, 
and mounted in balsam. A double staining with logwood and 
aniline black gives good results, particularly for the cerebellum : 
the logwood stains the granule layer, the aniline the cells of 
Purkinje. The two dyes may be mixed together, or the 
sections may be stained first in logwood, and then in the 
aniline. 

10. Soluble aniline blue* — i per cent, solution in water. 
Useful for nerve-centres. Stains axis cylinders and nerve cells. 
Sections should be mounted in balsam. Stains also the parietal 
cells of the gastric glands (Heidenhain). Double staining with 
cochineal and aniline blue gives good results in the case of the 
stomach. The nuclei are red; the chief cells a fainter red; 
and the parietal cells blue : the blue colour, however, soon 
fades. 

11. Acid fnchsln. — ^Used by Weigert for staining the 
meduUated nerve fibres in the brain and spinal cord : see p. 331* 

The remaining aniline dyes resemble each other closely in 
their action. A section immersed in a watery solution of one 
of them is soon deeply and uniformly stained. It is then placed 
in spirit, which rapidly removes the colour from nearly all parts 
except the nuclei, which are thus sharply and clearly defined 
(Hermann). The nuclei of the lymph corpuscles and connec« 
tive-tissue cells are more deeply stained than are those of epi« 
thelium. After removal from the spirit, the sections may be 



38o MANUAL OF HISTOLOGY. 

cleared in oil of cloves and mounted in balsam. In glycerine 
the colour soon fades. 

12. Basle or ordinary Fnehsln^ or magenta. — Some of 
the crystals are dissolved in spirit, and the solution diluted with 
water. It is very useful for staining fresh tissues, as epithelial 
cells and blood corpuscles. This dye is now largely used in 
pathological investigation as a stain for the bacillus of tubercle 
(Koch). 

13. Methyl violet (Jurgens). — In i per cent, watery solu- 
tion or more dilute. Stains nuclei. Very useful for the skin : 
stains the superficial layer of the stratum comeum, and the 
stratum lucidum of the epidermis, and the internal root-sheath 
of the hairs (Unna). A double staining with picrocarmine and 
aniline violet gives very beautiful and instructive preparations. 
Mounted in balsam, the colour holds often for years. It holds 
also in acetate of potash, but soon fades in glycerine. In patho* 
logy, methyl violet is much used in the study of amyloid de» 
generation. It stains the normal tissues blue ; the amyloid parts 
red. 

14. Oentlan violet and liahlla resemble methyl violet 
closely in their colour and staining properties. 

Dahlia (Zuppinger) has been much used for staining peculiar, 
very coarsely-granular cells, which are found in the connective 
tissue of different parts, chiefly in the neighbourhood of blood- 
vessels. They have been particularly studied by Ehrlich and 
WestjAal, who call them MastzeUen. It would seem that they 
belong to the group of cells named by Waldeyer plasma cells, 
although this is denied by Westphal. The tissue must be 
hardened in alcohol, and deeply stained in an alcoholic solution 
of Dahlia strongly acidified with acetic acid. The excess of 
colour is removed by alcohol, and the preparation mounted in 
balsam. The granules in the cells are stained, while the nudeus 
does not take the colour. 

15. Iodine i^reen. — 1-5 per cent, watery solution. Stains 
nuclei, particularly of lymph corpuscles ; also the cells of mucous 
glands. A double staining with picrocarmine and iodine green 
(Stirling) gives very beautifulresults at first. The green soonfades^ 
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16. Safiranln« — ^Very useful for staining nuclei, particularly 
the intranuclear reticulum (Flemming. Pfitzner). Shows ad- 
mirably the changes which occur in the reticulum during karyo- 
kinesis. Preparations should be hardened in ^ per cent, 
chromic acid. Stained in safranin, i ; alcohol, 100 ; water, 300. 
Excess of colour removed by alcohol. The preparations must 
be passed rapidly through oil of cloves (since this extracts the 
colour), and mounted in balsam. 

17. Bismarck brown (Weigert). — ^In I per cent, watery 
solution, stains nuclei with great sharpness. Is a very agree- 
able colouT} and holds better than many aniUne dyes. 

18. Hltrate of ■ilver (Recklinghausen). — ^To the employ- 
ment of this substance is due a great part of our present know- 
ledge of endothelium, and of the structure of blood-vessels and 
lymphatics, as well as many important facts concerning the 
connective tissues. The part to be stained with silver must be 
fresh. The silver is applied either by rubbing the part with the 
soUd crystal, or by bringing it into contact with a solution of the 
salt. The strength of the solution is usually from J*-} per 
cent. Silver has very slight power of penetration, consequently 
the staining is usually superficial. Great care must be taken to 
have the surface on which the silver acts perfectly clean, and 
free from blood or other albuminous fluid. A few minutes is 
sufficient to allow for the action of the silver. The part is then 
washed in distilled water, and exposed to the light in water, 
glycerine, or spirit. It soon becomes brown from reduction of 
the silver, and may then be exanuned. The reduction takes 
plape chiefly in the cementing substances, and spares the cells. 
Hence, the outlines of the elements of cellular structures, as 
epithelium, endothelium, smooth muscular tissue, tissue of myo- 
cardium, &c., are marked out distinctly by brown or black 
lines. In connective tissues the intercellular substances are 
stained, leaving the cells clear on the brown ground. In this way 
the shape and anrangement of the cells in the cornea, cartilage, 
tendon, &c., may be readily demonstrated. If the part is over- 
stained the ceUs themselves may have a brown colour. The 
nucleus is the last part to take the stain. 
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Sometimes, instead of the so-called negative staining just 
described, in which the cells appear colourless, a positive stain- 
ing is got in which the reduction takes place exclusively in the 
cells, and the intercellular substance is uncoloured. This has 
been studied chiefly in the cornea. It may be got if the cornea 
is rubbed with nitrate of silver while the animal is living. 
After some days the animal is lolled, and the cornea is removed 
and examined. The same result can be got if the cornea, after 
its removal, is treated with silver, and then placed for some 
days in distilled water, untH it swells (Ranvier). A positive 
staining is always preceded by a negative, which changes into 
positive only after some time. 

Other salts of silver have been employed, but they present no 
advantage over the nitrate. 

19. Oold. — ^The introduction of the use of gold salts into 
histology is due to Cohnheim. Through it the best part of 
our knowledge of the terminations and distribution of non-me- 
dullated nerves has been gained, as well as important informa- 
tion regarding other tissues. The salts of gold which are used 
in histology are the chloride, and the double chlorides of gold 
and potassium, and of gold and sodium. There are no prepa- 
rations clearer or more demonstrative than those stained with 
gold when the process has been successful ; but unfortunately 
there is no method which is more uncertain, and fails more 
frequently, than gold staining; and as yet the conditions for 
success are but imperfectly imderstood, so that failures cannot 
be certainly guarded against. 

Gold is reduced in protoplasmic, bodies, such as the cells of 
cartilage, connective tissue, cornea, epithelium, but leaves the 
intercellular substance free. In this way it is complementary to 
the ordinary negative staining by silver. The nuclei of the cells 
in gold preparations are often unstained. The chief use of 
gold, however, is in the study of the nerves, particularly of the 
fine non-medullated fibrils, or naked axis cylinders. In success- 
ful cases these are stained a deep purple or black colour, and 
can be traced with a distinctness and certainty that it is impos- 
sible to attain by any other means. Many of the terminal 
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organs of the nerves, as those in muscles, are most readily and 
fruitfully studied in gold preparations. Numerous modifications 
of the gold method have been employed. The following are 
the most generally useful : — 

(a). Cohnhelm'B method. — The perfectly fresh tissue is 
immersed in a solution of chloride of gold in distilled water, of 
the strength of J per cent., until it is coloiu-ed throughout of a 
straw-yellow colour. It is then washed in distilled water, and 
exposed to the light in distilled water slightly acidulated with 
acetic acid, until it has assumed a dark-purple colour. It is 
then prepared by section or otherwise, and mounted in glyce- 
rine. 

{b), Henoeque'ii method. — ^The tissue, after removal from 
J per cent, chloride of gold and potassium, s placed for twenty- 
four hours in distilled water, then in a saturated solution of tar- 
taric acid. The vessel containing this is plunged into water 
nearly at the boiling point. The reduction of the gold is com- 
pleted in about twenty minutes, or less. 

Klein also has used this method, with great success, in the 
study of the nerves of the cornea. 

{c), Bottcher's method. — After removal from the gold 
solution, the tissue is placed in a stoppered bottle, containing a 
mixture of formic acid, i; amylic alcohol, 1 ; and water, 100. The 
bottle is kept in the dark. The reduction is accomplished in 
about twenty-four hours. This method gives good results for 
the frog's cornea, so far as the cells are concerned, but does not 
stain the nerves well. 

{d). Iiowit's method. — The tissue is placed for a few 
minutes in equal parts of formic acid (specific grav. 11 20) and 
water, then for fifteen to thirty', minutes in chloride of gold, 
i~ij^ per cent., until it is stained yellow throughout. It is 
then placed for twenty-four hours in formic acid, diluted with 
three parts of water, and finally for twenty-four hours longer in 
undiluted formic acid. WhUe in the gold, and subsequently, it 
must be kept in the dark. 

The discovery of this method constituted a real advance, as, 
owing to the previous immersion in formic add, the reduction 
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of the gold is much facilitated. It is very useful for the nerves 
in muscle, skin, intestine, frog's bladder, &c. 

{e). Methods of Ranvier. — Ranvier found that the 
formic acid, as employed by L5wit, exerted too violent an action 
on the fresh tissues, and caused an alteration of many of their 
finer structures. He consequently sought a substitute, which he 
discovered in freshly-expressed lemon juice. The fresh object is 
placed in this for from five to ten minutes, then rapidly washed 
in distilled water, and placed in i per cent, chloride of gold for 
twenty to thirty minutes; then washed again in water, and 
placed in very dilute acetic acid (2 drops in 50 cc. water), in which 
it is exposed to the light. The reduction is accomplished, accord- 
ing to the intensity of the light, in from one to three days. To 
prevent further reduction and difiuse staining of the tissues, the 
object should then be placed in spirit, in which it may be kept 
for some time without disadvantage. This method rarely fails 
when applied to the cornea of the rabbit or guinea-pig. Sections 
are mounted in glycerine. After treatment by lemon juice and 
gold, the object may be placed in formic acid diluted with three 
parts of water, and kept in the dark for twenty-four hours, when 
reduction will have been accomplished. This is the best method 
for muscle. 

Good preparations of the nerves of muscle, of the heart, &c., 
may be got by the following method, also due to Ranvier : — 
Four parts of a i per cent, solution of chloride of gold and one 
part of formic acid are boiled together and allowed to cool. 
Into this the fresh object is brought directly, and left for twenty 
minutes ; then washed, and placed for twenty-four hours in 
formic acid diluted with four parts of water. 

(/). Method of Bremer* — The tissue is placed in formic 
acid, diluted with three parts of water, until it becomes trans- 
parent ; then from fifteen to twenty minutes in i per cent, chlo- 
ride of gold ; then again in dilute formic acid for twenty-four 
hours, during which time it must be kept in the dark. Then it 
is placed for two or three weeks in glycerine containing 20 per 
cent, formic acid. This method is very useful for muscle. The 
prolonged stay in acid glycerine softens the connective tissue 
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between the fibres, so that these separate almost of themselves 
when the final preparation is being made. 

Many other modifications have been employed. Klein has 
got very perfect results by placing the tissue (cornea), after the 
action of the gold, in dilute glycerine, and keeping it in a warm 
place until the reduction is accomplished. Sertoli leaves the 
tissue (papilla foliata of horse's tongue) from twenty-four to forty- 
eight hours in ^ per cent, chloride of gold. It is then washed, 
placed for one to two days in 2 per cent, bichromate of potash, 
then carefully washed and placed in absolute alcohol, to harden 
and complete the reduction. Gerlach has used very dilute 
solutions of chloride of gold — one part in 10,000 — to stain the 
nerve fibriJ& in the grey substance of the spinal cord (a very 
difficult and uncertain method), and to demonstrate the termi- 
nations of nerves in muscle. Ranvier employs a solution of 
chloride of gold and potassium of the same strength, in the 
study of the developing blood-vessels in the omentum of the 
rabbit. The membrane is first treated with dilute alcohol for 
twenty-four hours ,* then washed and spread on a slide, and 
the gold solution dropped on it. After an hour it is again 
washed and mounted in glycerine. After some days* exposure 
to the light the reduction is accomplished. This method is 
easily carried out, and gives good results. 



lan.—ARTIFICIAL DIGESTION AS A HISTO- 
LOGICAL METHOD. 

Stirling was the first to submit a tissue to a digestive mixture, 
previous to its microscopic examination. Since then a great 
number of tissues and organs have been studied, after having 
undergone the action of either artificial gastric juice or pancre- 
atic fluid. The results which have as yet been got are not devoid 
of interest, although they are, so far, somewhat discrepant. 

The details of the employment of this method must vary in each 
case. The piece of tissue may be first digested and then cut into 
sections, or the sections may first be made, and then submitted 

2C 
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to digestion. In this latter case the sections are mounted in a 
large drop of the digestive fluid, and the slide is placed in an 
oven at the temperature of 100° F. to 1040 F., suitable precau- 
tions being taken to prevent evaporation of the fluid, and to 
maintain the temperature constant. The preparation can be 
removed and examined at intervals. It will then be seen in 
what order the different elements of the tissue are dissolved 
by the digestive mixture, and what parts are readily attacked, 
and what parts resist the solvent action. 
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Accessory disc, 98. 


Arachnoid, 311. 


Acetate of potash, 367. 


Arborisation temtinaU^ 120. 


Acid, acetic, 370. 


Arrectores pilorum muscles, 254 


boracic, 370. 


Arteries, circulation in, 345. 


chromic, 351. 


coats of, 129. 


formic, 370. 


large, 130, 135. 


nitric, 355. 


middle-sized, 130, 134. 


osmic, 354. 


small, 131, 134. 


picric, 354. 


Arterioles, 131. 


sulphuric, 370. 


Articular cartilage, 78. 


tannic, 24, 31. 


Artificial oedema, 65. 


tartaric, 370. 


Arytenoid cartilage, 81. 


Acini of lung, 194. 


Auerbach's plexus, 174, 179. 


Acinose glands, 154. 


Axis-cylinder, 109, no. 


Adenoid tissue, 140. 


Axis-cylinders, naked, 115. 


Adipose tissue, 63, 71. 




Ad^'ustment, coarse, 2. 
nne, 2. 


Bartholinus, glands of, 239. 


Baryta, 370. 


Air bubbles, 7. 


Beale- Arnold cells, 122. 


Air spaces of lung, 194. 


Bed-hairs, 253. 


Albumen, 360. 


Bichromate of ammonia, 353. 


Alcohol, 351, 372. 


Bichromate of potash, 352. 


Alkalis, 370. 


Bile capillaries, 183, 187. 


Alum-carmine, 375. 


Bile ducts, 183. 


Alum-cochineal, 375. 


Bismarck brown, 381. 


Alveolar passages, 194. 
Alveoli of lung, 194. 


Bladder, 210, 214. 


Bladder of frog, 102. 


Ammonia, 370. 


Blood, 18. 


Amoeboid movements, 13. 


circulation of, 345. 


Aniline blue, 379. 


Blood- corpuscles, amoeboid 


Aniline blue-black, 379. 


movements of, 32. 


Anterior elastic lamina, 268* 


enumeration of, 343. 


Aorta of ox, 135. 


red, 18. 


Apparatus, 6. 


stroma of, 23. 
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Blood-corpuscles, white, 20. 
Blood of frog, 28. 

laky, 22. 

of man, 30. 

permanent preparations of, 33. 

third corpuscular element of, 

21,33,371. 
Blood-vessels, 129, 132. 

endothelium of, 133, 135. 

intima of, 136. 
Blue, Prussian, 340. 
Bone, 81. 

cancellous, 82, 90. 

cells, 82. 

compact, 82, 89. 

fibrous structure of, 82. 

in polarised light, 93. 

lamellae of, 83, 85. 

preparation of, 89. 

vessels of, 84. 
Borax-carmine, 375. 
Bottcher^s gold method, 383. 
Bowman's capsules, 203, 205. 

glands, 303. 

membrane, 268. 
Bremer's gold method, 384. 
Bronchi, 193. 
Brunner's glands, 171. 
Buisson terminate f 1 19. 
Bundle, primitive muscular, 99. 
Burdach's funiculus cuneatus, 

3Jt7. 

Cacao butter, 292, 358. 
Camera lucida, 342. 
Canada balsam, 367. 
Canals of Havers, 85. 
Canal of Petit, 290. 
Canal of Schlemm, 270. 
Canaliculi, 82. 

recurrent, 86. 
Canalis reuniens, 297. 
Capillaries, bile, 183, 187. 

blood, 131. 

circulation in, 346. 

l5m[iph, 138. 
Capsule of Glisson, 181. 
Carmine, 373. 
Carmine injection-mass, 347. 



Carotid gland, 338. 
Cartilage, 72. 

arytenoid, 81. 

calcified, 79. 

capsules, 74. 

costal, 77. 

fibrous, 76, 81. 

hyaline, 72, 76. 

in polarised light, 78. 

of external ear, 81. 

of head of femur, 77. 

of trachea, 78. 

reticular or elastic, 75, 81. 
Caruncula lachrymaHs, 265. 
Celloidin, 359. 
Cells, 12. 

division of, 16. 

eosinophilous, 377. 

goblet, 43, 49. 

intercalated, 46, 

pigment, 59. 

plasma, 59, 380. 

replacement, 42. 

wandering, 13, 59. 
Cell-territories, 74. 
Cellulose, 10. 
Cell- wall, 14. 
Cements, 54. 
Cementing sections to slide, 

364. 
Central canal of spmal cord, 318. 
Centro-acinar cells, 189. 
Cerebellum, 324, 330. 
Cerebro-spinal fluid, 312. 
Cerebrum, 326, 330. 

ganglionic cells of, 326. 

medullated fibres of, 331. 

vessels of, 328. 
Ceruminous glands, 255. 
Charcot's crystals, 88. 
Chief cells, 167. 
Chorio-capillaris, 272. 
Choroid, 272, 292. 

nerves of, 273. 

vessels of, 272. 

vitreous layer of, 273. 
Choroid- plexuses, 315. 
Chromate of ammonia, 354. 
Chromic acid, 351. 
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Chromic acid and spirit mixture, 

352- 
CUia, 44. 

Cilia (eyelashes), 264. 

Ciliaxy motion, 44, 50. 

action of carbonic acid on, 5 1 . 

action of chloroform on, 51, 
Ciliary muscle, 275. 
Circumanal glands, 174. 
Circumvallate papillae, 153, 161. 
Clarke, postenor vesicular co- 
lumns of, 321. 
Clitoris, 239. 
Coccygeal gland, 338. 
Cochlea, 296, 299. 

nerves of, 298. 
Cohnheim's fields, 99. 

gold method, 383. 
Cmlodion, 359. 
Colostrum corpuscles, 240. 
Commissure, anterior, white, 

317,321. 
posterior, grey, 318. 

Conical papiUae, 153. 

Conjunctiva, 265. 

Connective tissue, fibrous, 57. 

cells of, 59. 

fibres of, 68. 

formless, 62, 65. 
Connective tissues, 56. 
Constrictions of Ranvier, 1 10. 
Conus medullaris, 317. 
Convoluted tubes, of kidney, 
203, 205. 

of testicle, 216. 
Cordae tendineae, 129. 
Cornea, 266, 290. 

anterior elastic lamina of, 268. 

corpuscles of, 267. 

epithelium of, 266. 

fibrse arcuatae of, 268. 

Ce canals of, 145, 267. 
ellae of, 266. 
nerves of, 269. 

posterior elastic lamina of, 269. 
Comeo-scleral junction, 292. 
Corium, 244. 
Corpora cavernosa, 225. 
Corpus Highmori, 215. 



Corpus luteum, 234, 242. 

spongiosum, 226. 
Corpuscles, genital, 226. 

of Golgi, 260. 

of Hassall, 143. 

of Krause, 265. 

of Malpighi, 148. 

of Meissner, 257. 

of Pacini, 258, 263* 

tact, 257. 
Corti, ceUs of, 298. 

organ of, 297. 

pillars of, 297. 

tunnel of, 297. 
Cover- glasses, 5. 
Cowper, glands of, 225. 
Crescents of Giannuzzi, 156 
Crista acustica, 295, 299. 

spiralis, 296. 
Crusta petrosa, 159. 
Crystalline lens, 287, 292. 
Cumulus proligerus, 233. 
Cuticle, enamel, 159. 

of hair, 249. 
Cylinder, primitive muscular, 99. 

Dahlia, 380. 
Dammar varnish, 369. 
Deiter's, cells of, 298, 316. 
Dentine, 158. 

Descemet's membrane, 269. 
Diaphragm, lymphatics of, 144. 
Digestion, artificial, 385. 
Digestive organs, 151. 
Digestive tube, coats of, 165. 
Disc, accessory, 98. 

of Hensen, 98. 

intervertebral, 81. 

thick, 98. 

thin, 98. 
Discs of muscle, 99, 106. 
Discus proligerus, 233. 
Doy^re, eminence of, 1 18. 
Drawing of microscopic objects, 

342. 
Ductless glands, 333. 

Ductus cochlearis, 397. 

ejaculatorius, 224. 

endo-lymphaticus, 299. 
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Ductus peri-l3m[iphaticus, 299. 
Duodenum, 177. 
Dura mater, 310. 
nerves of, 310. 

Ear, 294. 

Elastic lamina, external, 130. 

internal, 130. 
Eleidine, 274. 
Embedding in albumen, 360. 

celloidin, 359. 

collodion, 228, 359. 

gum, 357. 

paraffin, 358. 

wax and oil, 355. 
Eminence of Doy^re, 118. 
Enamel, 159. 
Enamel-cuticle, 159. 
End-bulbs, 265. 
Enddoldey 120. 
Endocardium, 129. 
Endomysium, 97. 
Endoneurium, 117. 
Endothelium, 35, 45, 55. 

ciliated, 47, 55. 

germinating, 47, 55. 
End-plate, motor, 120. 
Eosine, 377. 
EosinophUous cells, 377. 
Ependyma, 318. 
Epicerebral space, 314. 
Epidermis, 245, 260. 
Epididymis, 222. 
Epidural space, 310. 
Epiglottis, 81. 
Epineurium, 116. 
Epithelia, Table of, 39. 
Epithelium, ciliated, 37, 43, 50. 

columnar, 37, 41, 49. 

glandular, 37. 

neuro-, 38. 

simple, 36. 

squamous, 37, 40, 47, 49. 

stratified or compound, 37. 

transitional, 37, 41, 49. 
Eponychium, 249. 
Erlicki's fluid, ^53. 
External limitmg membrane, 
278. 



External root-sheath, 250. 
Eye, 264. 
Eyelids, 264, 290. 
Eye piece, 2. 

Fallopian tube, 237, 242. 
Farrant's solution, 366. 
Fat globules, 10. 
Fatty liver, 188. 
Ferrein, p3rramids of, 202. 
Fibrse arcuatae, 268. 
Fibres of Remak, 1 14. 
Fibrils of muscle, 99, 1 06. 
Fibrin, 18, 33. 
Fibrous layer of retina, 284. 
Fibrous tissue, 58. 
Filum terminale, 317, 322. 
Fissure, anterior median, 317. 

posterior median, 317. 
Focal length, 3. 
Focusing, 2, 7. 
Fontana, spaces of, 276. 
Foot of microscope, i. 
Foramen of Magendie, 312. 
Fovea centralis, 284. 
Fragmentation, 16. 
Freezing microtome, 362. 
Fuchsin, acid, 379. 

basic, 380. 
Funiculus cuneatus, 317. 

gracilis, 317. 
Funiculus scleras, 270. 

Gall-bladdkr, 184. 
Ganglia, 120, 127. 
Ganglionic cells, apolar, 121. 

bipolar, 122. 

multipolar, 122. 

of retina, 279. 

unipolar, 121. 
Gas cnamber, 5 1. 
Gelatinous substance, 318, 321. 
Genital corpuscles, 226. 
Gentian violet, 380. 
Germinal epithelium, 235. 

spot, 232. 

vesicle, 232. 
Germinating endothelium, 47, 55. 
Giannuzzi, crescents of, 156. 
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Glands, acinose, 154. 

agminated, 172, 178. 

of Bartholinus, 239. 

of Bninner, 171. 

lachrymal, 266. 

of Lieberkuhn, 171. 

of Littr€, 225. 

mammary, 239, 243. 

Meibomian, 264. 

of Moll, 264. 

mucous, 162. 

salivary, 155. 

sebaceous, 253. 

serous, 155, 162. 

solitary, 172. 

sweat, 254, 261. 
Glomeruli, 207. 
Glycerine, 366. 
Glycerine-jelly, 369. 
Goblet-ceils, 43, 49. 
Gold chloride, 382. 
Grolgi, corpuscles of, 260. 
Goll, funiculus gracilis of, 317. 
Granule layer of cerebellum, 

324, 330. 
Granule layers of retina, 280. 
Gratiolet, tracts of, 327. 
Groves's microtome, 363. 
Gum, 160, 357. 

KfflMATiN, 27. 
Haematoidin, 28, 34. 
Haemin, 27, 32, 34. 
Haemoglobin, 23, 27, 34. 

crystals of, 31. 

spectrum of, 28. 
Hairs, 249, 261. 

tactile, 257. 
Hair-bulb, 251. 
Hair- follicle, 250. 

cuticle of, 251. 
Hair-papilla, 250. 
Hardening agents, 350. 
Hassall's corpuscles, 143. 
Haversian canals, 85. 
Hayem's solution, 371. 
Helicotrema, 299. 
Henle's layer of internal root- 
sheath, 251. 



Henle, sheath of, 117. 
Henocque's gold method, 383. 
Hepatic artery, 182. 

veins, 180. 
Horns of grey matter, 319. 
Huxley's layer of internal root- 
sheath, 251. 
Kyalme cartilage, 72, 76. 
Hyaloid membrane, 288. 

Illumination, central, 6. 

oblique, 6. 
Infundibula of lung, 195. 
Injection of blood-vessels, 346. 

of lymphatics, 143, 144. 
Injected liver, 187. 
Intercalated cells, 46. 
Intercalated tubes, 203. 
Intercellular substance, 12. 
Interglobular spaces, 160. 
Interlobular vems, 181. 
Internal elastic lamina, 130. 

limiting membrane, 278. 
Intemodes of Ranvier, 11 1. 
Intertubular tissue of testicle, 

222. 
Intervertebral disc, 81. 
Intestine, large, 173, 178. 

small, 170. 
Intima piae, 314. 
Intralobular veins, 180. 
Iodine green, 380. 
Iris, 273. 

choroidal portion of, 273. 

nerves of, 274. 

retinal portion of, 274. 
Irrigation, method of, 9. 

Jacobson, organ of, 304, 306. 

Jejunum, 178. 
nice canals, 138. 

Karyokinksis, 15. 
Keratohyaline, 247. 
Kidney, 201. 

capsule of, 209. 

glomeruli of, 207. 

lobules of, 205. 

lymphatics of, 209. 
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Kidney, nerves of, 209. 

pelvis of, 201. 

radial section of, 211. 

tangential section of, 212. 

tubes, course of, 202, 213. 
structure of, 205. 

vessels of, 206, 213. 
Kleinenberg's picric acid, 354. 
Krause's end-bulbs, 265. 

membrane, 98. 

Lachrymal gland, 266, 290. 
Lacunae, 82. 
Lamina cribrosa, 287. 

external elastic, 130. 

internal elastic, 130. 

fusca, 272. 

spiralis, 296. 
Lanterman's notches, in. 
Lar3mx, 191. 

Lens, crystalline, 287, 292. 
Lieberkiihn*s glands, 171. 
Ligamentum pectinatum iridis,. 

275- 
spirale, 296. 

Light, transmitted, 5. 

reflected, 5. 
Lime, 370^ 

Limiting membrane, external, 
278. 

internal, 278. 
Liquor folliculi, 235. 

sanguinis, 18. 
Littr6, glands of, 225. 
Liver, capsule of, 184. 

cells of, 179, 185. 

of dog, 187. 

fatty, 188. 

injected, 187. 

lobules of, 180. 

lymphatics of, 184.. 

nerves of, 184. 

of pig, T85. 

of rabbit, 187. 
Lobules of kidney, 205.. 

of liver, 180. 

of lung, 195. 
Lobular bronchi, 194. 
Logwood, 376. 



Lowit's gold method, 383". 
Lung, lobules of, 195. 

lymphatics of, 197. 

nerves of, 198. 

sections of, 199. 

vessels of, 196, 200. 
Lunula of nail, 248. 
Lymph, 143. 

Lymph-canalicular system, 138. 
Lymph-paths, 141, 146. 
Lymphatic glands, 139, 145.. 

capsule o^ 139. 

cortical follicles of, 141, 

medullary cords of, 141. 

trabeculae of, 139. 

vessels of, 142, 146. 
Lymphatic vessels, 137. 

perivascular, 138, 145. 

valves of, 137. 

Macerating fluids, 48. 
Macula acustica, 295, 299. 

lutea, 284. 
Magendie, foramen of, 312. 
Magenta, 386. 

Magnifying power, determina- 
tion of, 342. 
Malpighi, corpuscles of, I48». 

pyramids of, 20i. 
Mammary gland, 239, 242, 
Marrow, gelatinous, 88^ 

red, 87, 94. 

yellow, 87. 
Mastzellen, 380. 
Mauthner, sheath of, no. 
Measuring objects, method of, 

341- 
Medium, choice of, io» 

Medullated nerve -fibres, 109, 

123. 

Medullary sheath of nerves, 109. 

Medullary rays, 202. 

Meibomian glands, 264. 

Meissner's corpuscles, 257. 

plexus, 174, 179. 
Milangeur Potain^ 343 
Membrana basilaris, 296. 

granulosa, 233. 

limitans olfactoria, 303. 
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Membrana reticularis, 298. 

supra choroidea, 271. 

tectoria, 298. 

tympani, 294. 
Membrane of Krause, 98. 

of Reissner, 296. 
Membranes, 60. 
Mercuric chloride, 371. 
Mesentery of newt, 103. 
Methyl-violet, 380. 
Microcytes, 26. 
Micrometers, 341. 
Microscope, description of, x. 
Microtomes 360. 
Milk, 10. 
Modiolus, 296. 
Moist chamber, 33. 
Moll, glands of, 264. 
Mounting, methods of, 365. 
Mouth, mucosa of, 151. 
Mucous glands, 155, 162. 
Mucous tissue, 57, 64. 
Miiller's fibres, 277. 

fluid, 352. 
Muscle, striated, 97, 104. 

attachment to tendon, xoo, 
107. 

contraction-waves in, 108. 

discs of, 98. 

fibrils of, 99, 106. 

isolation of fibres of, 107. 

l3anphatics of^ 102. 

nerves of, 118. 

nuclei of, 100, 105. 

in polarised light, 98, xo8. 

red and white, loi. 

striation of, 98, 108. 

vessels of, loi, 107. 
Muscle, unstriated, 95, 102. 

isolation of cells of, 102. 

nerves of, 117. 
Muscular bundles, primitive, 99. 

cylinders, primitive, 99. 

tissue, 95. 
Myeline, 109. 

action of water on, X23. 

coagulation of, 112. 
Myocardium, 96, 104. 

l3rmphatics of, 129, 



Myocardium, nerves of, 118 

Nails, 247. 

Nerve, transverse section of, 126. 
Nerve-centres, 310. 
Nerve-fibres, of brain and cord, 

Nerve-nbres, medullated, 109, 
123. 
action of nitrate of silver on, 

125. 
action of osmic acid on, 123. 

branching of, 116, 125. 

double contour of, 112. 

isolation of, 122. 

medtillary sheath of, 109. 

nuclei of no, 11 1. 
Nerve-fibres, non-medullated, 

114, 125. 
Nerve-tissues, 109. 
Neurilemma, no, 114. 
Neuroglia, 315. 
Neuro-keratin, 113, 124. 
Nitric acid, 355. 
Nose, 301. 

Qf mouse, 306. 
Notches of Lanterman, 1 11 . 
Nucleolus, 15. 
Nucleus, 12. 

Object glasses, 2. 
Odontoblasts, 160. 
CEsophagus, 166, 175. 

junction of with stomach, 177. 

mucous glands of, 166. 

myenteric plexus of, 174. 
Olfactory mucous- membrane, 

30i» 305. 
lymphatics of, 304. 

Olftictory nerve, 304. 

Omentum, 70. 

lymphatics of, 145. 

vessels of, 132. 
Optic papilla, 283. 
Optic nerve, 286. 

sheaths of, 286. 
Optic vesicle, primary, 276. 

secondary, 276. 
Ora serrata, 285. 
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Orbiculus ciliaxis, 273. 

Osmic acid, 354. 

Osmic and cnromic mixture, 

354. 
Otoliths, 296. 

Ovary, 231, 241. 

cortex of, 231. 

development of, 235. 

lymphatics of, 235. 

medulla of, 231. 

nerves of, 235. 

stroma of, 231. 

tunica albuginea of, 232. 

vessels of, 234. 
Ovum, 232. 

Pacchionian o&anulations, 

3". 
Pacinian corpuscles, 258, 263. 

Pancreas, acini of, 188. 

ducts of, 188. 

lymphatics of, 1 89. 

nerves of, 189. 

vessels of, 189. 
Papillae, circumvallate, 153, 161. 

conical, 153. 

filiform, 152, 161. 

foliatae, 153, 308. 

fungiform, 152, 161. 
Paraffin, 3^8. 
Parietal cells, 168. 
Parovarium, 236. 
Pars dliaris retinae, 285. 

iridica retinae, 285. 
Pelvis of kidney, 210. 
Penis, 225, 229. 
Pericardium, 129. 
Perichondrium, 74. 
Peridontium, 160. 
Perimysium, 97. 
Perineurium, 116. 
Periosteum, 88. 
Perithelium, 131. 
Petit, canal of, 290. 
Peyer's patches, 172, 178. 
Phaiyngeal tonsil, 158. 
Pia mater, 314. 

nerves of, 315. 

vessels of, 314. 



Picric acid, 354. 

Picro-carmine, 374. 

Pigment cells, 59. 

Pituitary body, 337. 

Plasma, 18. 

Plasma-cells, 59. 

Plexus, Auerbach's, 174, 179. 

Meissner's, 174, 179. 
Polarising microscope, 78. 
Portal vein, i8r. 
Posterior elastic lamina, 269. 

vesicular columns, 321. 
Potash, 370. 
Potassium acetate, 367. 

bichromate, 352. 

chlorate, 371. 
Primary optic vesicle, 276. 
Primitive muscular bundle, 99. 
Primitive muscular cylinder, 99. 
Primordial ova, 23J. 
Processus reticularis, 319. 
Prostate gland, 224, 229. 
Protoplasm, 12. 
Prussian blue, soluble, 340. 
Pulp of tooth, 160. 
Pulp-cavity, 158. 
Punkinje, cells of, 325. 
Purpurme, 378. 
Pylorus, 168, 177. 
Pyramids of Ferrein, 202. 

Malpighi, 201. 

Ranvier, constkictions of, 
no. 

gold methods of, 384. 

mtemodes of, in. 

microtome of, 360. 
Reagents, 369. 
Recessus cameras posterioris, 

289. 
Reissner, membrane of, 296. 
Remak, fibres of, 114. 
Replacement cells, 42. 
Retina, 276, 293. 

epithelium of, 283. 

external fibrous layer of, 284. 

exteral reticular layer of, 280. 

ganglionic cells of, 279. 

inner granules of, 280. 
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Retina, inner reticular layer of, 
279. 

layers of, 277. 

nerve fibres of, 279. 

rods and cones of, 280. 

vessels of, 285. 
Retzius, lines of, 164. 
Rhodopsin, 285. 
Root-sneath of hair, external, 
250. 

internal, 251. 

Safranin, 381. 
Salivary glands, 155. 

acini of, 156. 

ducts of, 155. 

nerves of, 157. 

vessels of, 156. 
Salivary tubes, 156, 162. 
Sarcolemma, 97, 106. 
Sarcous elements, 99. 
Scala media, 297. 

tympani, 297. 

vestibuli, 297. 
Schiefferdecker, microtome of, 

361. 
Schlemm, canal of, 270. 
Schreger, lines of, 164. 
Schwann, sheath of, 1 10. 

white substance of, 109, 1 10. 
Sclerotic, 270. 

Secondary optic vesicle, 276. 
Semen, 226, 229. 
Semicircular canals, 294. 
Series, cutting sections in, 363. 
Serous glands, 155, 162. 

membranes, 52, 61, 69. 
Sharpey's fibres, 86, 94. 
Sheath of Henle, 117. 

Mauthner, zio. 

Schwann, no. 
Silver nitrate, 51, 381. 
Skin, 244. 

appendages of, 247. 

lymphatics of, 256. 

muscular tissue of, 254. 

nerves of 256. 

papillae of, 244, 260. 

vessels of, 255, 261. 



Slides, 5. 

Small intestine, 170. 

l3miphatics of, 173, 179. 

vessels of, 172, 179. 

villi of, 170. 
Soda, 370. 
Sodium chloride, 371. 

sulphate, 371. 
Solitary glands, 172. 
Spermaceti and castor oil mass, 

358. 
Spermatoblasts, 218, 228. 

Spermatozoa, 221. 

Spinal cord, 316, 328. 

central canal of, 318. 

course of fibres in, 322. 

ganglionic cells of, 320. 

grey substance of, 319. 

isolation of cells of, 329. 

longitudinal section of, 328. 

nerve roots of, 321. 

transverse section of, 328. 

white substance of, 321. 
Spiral ganglion, 298. 
Spleen, 147, 150. 

blood-corpuscle-holding cells 
of, 150. 

capsule of, 147. 

Ijrmphatics of, 149. 

Malpighian corpuscles of, 148. 

nerves of, 150. 

pulp of, 148. 

trabeculae of, 147. 

vessels of, 147, 150. 
Starch granules, 7. 
Stomach, 167, 176. 

blood-vessels of, 168. 

glands of, 167. 

junction of, with duodenum, 
178. 

junction of, with oesophagus, 

177. 
lymph follicles of, 169. 

lymphatic vessels of, 170. 
Stomata, 46, 55. 
Stratum comeum, 246. 

granulosum, 245. 

lucidum, 246. 

spinosum, 245. 
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Subarachnoid space, 311. 

tissue, 66, 312. 
Subdural space, 311. 
Sublobular veins, 1 80. 
Submaxillary glands, 162. 
Sudoriparous glands, 254, 261. 
Suprarenal capsule, 333. 

cortex of, 333. 

lymphatics of, 336. 

medulla of, 334. 

nerves of, 335. 

vessels of, 335. 

TaCHES MOT RICES, II7. 

Tact corpuscles, 257. 
Tactile hairs, 257. 
Tactile menisci, 258. 
Tarsal cartilage, 264. 
Taste-buds, 307. 
Taste, nerves of, 308. 

organs of, 307. 
Teeth, 158, 163. 

incisor, of mouse, 306 
Tendon, 59, 66. 

juice canals of, 145. 
Testicle, 215, 227. 

lymphatics of, 223. 

of rat, 228. 

tubes of, 215. 

vessels of, 223. 
Thoma, microtome of, 361. 
Thymus gland, 143, 146. 
Th5rroid body, 336. 

alveoli of, 336. 

lymphatics of 337. 

nerves of, 337. 

vessels of, 337. 
Tongue, follicular glands of 
154, 161. 

muscular tissue of, 154, 160. 

papilbe of, 152, i6z. 
Tonsil, 157, 163. 

pharyngeal, 158. 
Trachea, 192, 198. 
Tracts of Gratiolet, 327. 
Tractusintermedio-lateralis, 3 1 9. 
Tubes of kidney, course of, 202, 
213. 

structure of, 205. 
Tubes of testicle, course of, 215. 



Tubes of testicle, structure of, 

216. 
Tympanum, 294. 

Umbilical cord, 64. 
Ureter, 210, 214. 
Urethra, female, 239. 

male, 225. 
Uterus, 237, 242. 

Vagina, 239. 
Valentin's knife, 350. 
Valves of heart, 129. 

of l3anphatics, 137. 

of veins, 132. 
Vas deferens, 223. 
Vasa recta of kicfiiey, 208. 

of testicle, 222. 
Vasa vasorum, 132. 

vorticosa, 273. 
Veins, circulation in, 346. 

large, 132, 135. 

small, 131, 134. 
Ventriculus terminalis, 318. 
Vesiculse seminales, 224. 
Vestibule, 294. 
Visual purple, 285. 
Vitreous body, 288. 

Wandering cells, 13. 
Wax and oil mass, 355. 
Water, 369. 
Whirling table, 54. 
White fibrous tissue, 58. 
White substance of Schwann . 

109, no. 
Working distance, 3. 

Xylol, 372. 

Yellow elastic tissue. 58, 72. 
Yellow spot, 284. 

ZiNN, zonula of, 289. 
Zona fasciculata, 334. 

glomerulosa, 334. 

parenchymatosa, 231. 

pellucida, 233. 

reticularis, 334. 

vasculosa, 231. 
Zonula ciliaris, 289. 



THE END. 



